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,£> HUMAN IMMUNODEF I CIE^Y V IRUS (HIV) 

NUCLEOTIDE S E QUENCES , RBCOMB INANT POLYPE PTIDES, 
AND APPLICATIONS THEREOF 



Cross-Reference to Related Applications 

/'^VT»his application is a continuation-in-part of 
U.S. patent application Serial No. 773,447 f filed 6 
September 1985 , which is a continuation-in-part of U.S. 
patent application Serial No. 696,534, filed 30 January 
1985, now abandoned, which is a continuation-in-part of 
U.S. patent application Serial No. 667,501, filed 31 
October 1984, now abandoned. The disclosures of the 
above application are incorporated herein by reference. 

Technical Field 

The present invention is directed to 
nucleotide sequences, such as DNA, encoding human 
immunodeficiency virus polypeptides, the use of such 
nucleotide sequences in diagnostic procedures and in the 
production of recombinant protein, as well as the use of 
such proteins in diagnostic, prophylactic, and 
therapeutic applications. 



30 Background of the Invention 

Acquired immune deficiency syndrome (AIDS) is 
now recognized as one of the greatest health threats 
facing modern medicine. There is, as yet, no cure for 
this almost invariably fatal disease. This state of 
affairs has made the prevention of the disease an 
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extremely high priority in the medical community. An 
individual who is infected with human immunodeficiency 
virus (HIV), the etiologic agent of AIDS, can transmit 
the disease, and yet remain asymptomatic for many years. 
The ability to accurately screen large numbers of 
asymptomatic individuals (e.g., healthy appearing blood 
donors) for HIV infection is of great importance. 
Furthermore, the development of a vaccine would be 
particularly desirable, since it would afford some 
protection against transmission of AIDS by individuals 
who either are not detected by a diagnostic test, or 
evade such a test. 

In 1983-1984, three groups independently 
identified the suspected etiological agent of AIDS. See, 
e.g., Barre-Sinoussi et al. (1983) Science 220 : 868-871 ; 
Montagnier et al. r in Human T-Ce 11 .Leukemia Viruses 
(Gallo, Essex & Gross, eds., 1984); Vilmer et al. (1984) 
The Lancet 1:753; Popovic et al. (1984) Science 
224:497-500; Levy et al. (1984) Science 225 :840-842. 
These isolates were variously called lymphadenopathy- 
associated virus (LAV), human T-cell lymphotropic virus 
type III (HTLV-III), or AIDS-associated retrovirus 
(ARV). All of these isolates are strains of the same 
virus, and were later collectively named human 
immunodeficiency virus (HIV). With the isolation of a 
related AIDS-causing virus, the strains originally 
called HIV are now termed HIV-1 and the related . virus is 
called HIV-2. See, e.g., Guyader et al. (1987) Nature 
326 :662-669; Brun-Vezinet et al. (1986) Science 
233:343-346; Clavel et al. (1986) Nature 324:691-695. 

Initially, HIV was propagated in culture in 
human mitogen-activated T cells. This method, however, 
could not produce the large quantities of virus required 
for serology assays on the scale required to protect 
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public health and safety. It was not until immortalized 
cell lines* capable of becoming chronically infected in 
vitro were discovered that HIV could be produced in any 
substantial quantities. See, e.g., Montagnier et al. 
(1984) Science 225:63-66; Levy et al., supra ; Popovic et 
al., supra . The ability to grow the virus in culture 
led to the development of immunoassays for the detection 
of anti-HIV antibodies in the blood of patients 
suspected of having been infected, as well as for 
screening blood donors. See, e.g., Schupbach et al. 
(1984) Science 224:503-505; Sarngadharan et al. (1984) 
Science 224 :506-508; Feorino et al. (1984) Science 
225 :69-72; Kalyanaraman et al. (1984) Science 
225:321-323; Culliton et al. (1984) Science 
226:1128-1131; Groopman et al. (1984) Science 
226:447-449; Ho et al . ( 1984 ) Science 226:451-453; U.S. 
Patent No. 4,520,113. 

Due to the great hazard of cultivating HIV in 
vitro, the number of facilities and individuals capable 
of working with the virus is necessarily limited. 
Furthermore, while tissue culture may provide viral 
polypeptides suitable for use in diagnostic assays, it 
is highly undesirable to employ polypeptides produced by 
tissue culture in vaccine compositions due to the risk 
of infectivity posed by live, intact virus. 

While production of viral polypeptides by 
recombinant means could be considered to be a solution 
to the problems described above, the production of 
recombinant proteins was not possible prior to the 
present invention. For example, HIV nucleotide 
sequences were not available and sequenced so as to 
enable the production of recombinant proteins. 'Even 
more importantly, it was unknown whether recombinant ly 
produced viral protein would be sufficiently similar in 
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antigenic properties to native HIV polypeptides so as to 
be generally useful in diagnostic assays or vaccine 
production. In addition, homology between the genome of 
HIV and human T-cell leukemia virus type I and type II 
(HTLV-I and -II) had been reported. See, e.g., Arya et 
al. (1984) Science 225 :927-930. Thus, it was unclear 
that sufficiently unique epitopes of HIV could be 
produced by recombinant means to distinguish HIV from 
HTLV-I or HTLV-I I. Furthermore, it was unclear prior to 
the present invention whether the various HIV isolates 
possessed sufficiently related epitopes so that a 
recombinant polypeptide based on one isolate could be 
useful in a general diagnostic assay or vaccine 
composition. 



recombinant HIV polypeptides could not be produced and 
it was not clear that such polypeptides would be 
generally useful in diagnostic, prophylactic, or 
therapeutic methods or products. 

Summary of the Invention 

Nucleotide sequences and expression of 
nucleotide sequences are provided for detecting the 
presence of complementary sequences associated with a 
retroviral etiologic agent (HIV, e.g., HIV-1 or -2) for 
lymphadenopathy syndrome (LAS), acquired immune 
deficiency syndrome (AIDS) or AIDS-related complex 
(ARC), and for producing polypeptides. The single- 
stranded sequences are at least 20, more usually of at 
least about 50 nucleotides in length, and may find use 
as probes. The double-stranded sequences may find use 
as genes coding for expression of polypeptides r either 
fragments or complete polypeptides expressed by the 
virus or fused proteins, for use in diagnosis of HIV 



Prior to the present invention, therefore, 
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infection or evaluating stage of infection, the 
production of antibodies to HIV, and the production of 
vaccines. Based on the nucleotide sequences, synthetic 
peptides may also be prepared. 

Specific aspects of the invention include: 

1. A DNA construct comprising a replication 
system recognized by a unicellular microorganism and a 
DNA sequence coding for at least 20 bp of a human 
immunodeficiency virus (HIV) genome, said replication 
system being a non-HIV replication system; 

2. A DNA construct comprising a replication 
system recognized by a unicellular microorganism and a 
DNA sequence of at least about 21 bp having an open 
reading frame and having a sequence substantially 
complementary to a sequence found in the gag, env, or 
pol region. of an HIV, coding for a polypeptide which is 
immunologically non-cross-reactive with HTLV-I and 
HTVL-II, and reactive with an HIV; 

3. A restriction endonuclease fragment of at 
least about 1.5 kbp derived from restriction enzyme 
digestion by at least one restriction endonuclease of a 
DNA sequence coding for an HIV of the class HIV-1; 

4. A DNA sequence comprising a fragment of at 
least about 20 bp, wherein the strands are complementary 
to a restriction endonuclease fragment described in 3 
above , said sequence duplexing with an HIV nucleic acid 
sequence and not duplexing with HTLV-I or HTLV-II under 
comparable selective hybridization conditions; 

'5. A method for detecting the presence of an 
HIV nucleic acid sequence present in a nucleic acid 
sample obtained from a physiological sample, which 
comprises: 

(a) combining said nucleic acid sample with a 
single-stranded nucleic acid sequence of at least about 
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20 bases complementary to a sequence in said HIV and 
non-cross-reactive with HTLV-I and -II under conditions 
of predetermined stringency for hybridization; and 

(b) detecting duplex formation between said 
DNA sequence and nucleic acid present in said sample; 

6. A method for cloning DNA specific for an 
HIV, which comprises growing a unicellular microorganism 
containing the above-described DNA construct, whereby 
said DNA sequence is replicated; 

7. A method for producing an expression 
product of HIV which comprises: 

(a) transforming a unicellular microorganism 
host with a DNA construct having transcriptional and 
translat ional initiation and termination regulatory 
signals functional in said host and an HIV DNA sequence 
of at least 21 bp having an? open reading* frame and under 
the regulatory control of said signals; and 

(b) growing said host in a nutrient medium,, 
whereby said expression product is produced; 

8. A method for producing an expression 
product of HIV which comprises growing mammalian host 
cells having a DNA construct comprising transcriptional 
and translat ional initiation and termination regulatory 
signals functional in said host cells and a DNA sequence 
of at least 21 bp and less than the whole HIV genome, 
said sequence having an open reading frame and an 
initiation codon at its 5 1 -terminus and under the 
transcriptional and translat ional control of said 
regulatory signals , whereby a polypeptide encoded by 
said sequence is expressed; 

9. A method of detecting antibodies to HIV in 
a sample suspected of containing said antibodies 
comprising: 
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(a) providing a support with at least one 
antigenic recombinant HIV polypeptide 

„ bound thereto; 

(b) contacting said sample with said 
support-bound polypeptide; 

(c) washing the support; 

(d) contacting the support with labeled 
antibody to human immunoglobulin; and 

(e) detecting the presence of said antibodies 
to HIV on said support via said label; 

10. Recombinant HIV polypeptides including, 
but not limited to: 

(a) pl6gag; 

(b) p25gag; 

(c) an env polypeptide; 

(d) p31pol; 

(e) a fusion protein of pl6gag and p25gag; 

(f) a fusion protein of a gag polypeptide and 
an env polypeptide; 

(g) a fusion protein comprising an env 
polypeptide; 

(h) a fusion protein comprising p31pol; 

(i) gpl20env; 
(j) gp41env; 

(k) a fusion protein comprising env-5b; and 
(1) reverse transcriptase, 

11. An article of manufacture for use in an 
assay for anti-HIV antibodies comprising at least one of 
the above-described HIV polypeptides bound to a solid 
support . 

12. A vaccine compos it ion f and a method of 
producing antibodies in a mammal comprising 
administering to said mammal said vaccine composition 
wherein the vaccine composition comprises an 
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antigenically effective amount of a recombinant HIV 
polypeptide. 

Other embodiments will also be apparent from 
the description below. 

Brief Description of the Drawings 

Figure 1 is a restriction map of proviral DNA 
from HIV strain ARV-2. 

Figures 2 and 3 are restriction maps of 
recombinant X phages containing ARV-2 sequences. 

Figure 4 is a complete nucleotide sequence of 
ARV-2 , derived from partial sequences of several ARV 
clones. Corresponding amino acid sequences are 
indicated for the open reading frames of the individual 
genes. 

Figure 5 is the nucleotide sequence of 
ARV-2(9B). The amino acid sequences for the products of 
the gag, pol, and env genes are indicated. The U3, R, 
and U5 regions of the LTRs are also designated. The cap i 
site is position +1. The nucleotides at the beginning 
of each line are numbered, and the amino acids at the 
end of each line are indicated. Figure 5 herein shows 
the same sequence as that in Figure 5 of both U.S. S.N. 
773,447 (filed 6 September 1985) and U.S. S.N. 696,534 
(filed 30 January 1985), the nucleotides in the figure 
of the earlier applications being numbered from the 
beginning of the integrated sequences. 

Figure 6 is a flow diagram showing the 
procedure for making the plasmid of pSV-7c/env, an 
expression vector for ARV-2 env gene. 

Figure 7 is a flow diagram showing the 
procedures for making the plasmids pGAG25-10 and 
pGAG41-10. 
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Figure 8 is the nucleotide sequence of the 
p25gag gene cloned in plasmid pGAG25-10 and the amino 
acid sequence encoded by that gene. 

Figure 9 is the coding strand of the 
nucleotide sequence cloned in pGAG41-10 for producing 
the fusion protein p41gag and the corresponding amino 
acid. 

Figure 10 is a nucleotide sequence coding for 
pl6gag protein that was cloned into plasmid ptacS to 
make an expression plasmid for producing pl6gag in 
bacteria. 

Figure 11 is a nucleotide sequence that 
encodes ARV-2 env protein that was used to prepare 
plasmid pDPC303. 

Figure 12 is a nucleotide sequence that 
encodes ARV-2 p31 protein and is contained in plasmid 
pTP31. 

Figure 13 is a map of the ARV env gene showing 
the regions env-1, env-2, env-3 f env-4, and env-5. 

Figure 14 is a restriction map of plasmid 
pDM15, which was used to construct S. cerevisiae strain 
JSC302. 

Figure 15 is the synthetic nucleotide sequence 
env-5b, which encodes the amino acid sequence of the ARV 
env-5 region. 

Figure 16 is the results of an indirect EL ISA 
in which an AIDS patient's serum (O) was titrated 
against microtiter plates coated with recombinant 
polypeptides from env regions. A pool of serum samples 
from random blood donors was ; used as a control (o). 
Panel A shows the results for purified, recombinant 
env-2. Panel B shows the results with purified, 
recombinant env-5b. The insert in each panel shows a 
Coomassie- stained gel (lane 1) and an immunoblot with 
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the AIDS patient's serum (lane 2) of the purified 
antigens used in these ELISAs. 

Figure 17 shows the results of an EL ISA, 
employing recombinant env-2 (top panel) and env-5b 
(bottom panel) polypeptides, run on seronegative blood 
donors. 

Figure 18 shows the results of an ELISA, 
employing recombinant env-2 (top panel) and env-5b 
(bottom panel) polypeptides, run on HIV seropositive 
patients, including those diagnosed as having AIDS or 
AIDS-related complex (ARC), as well as those having 
contacts with AIDS patients. 

Figure 19 shows the results of ELISAs used to 
measure antibody titers in the AIDS seropositive 
patients of Figure 18. 

Figure 20 is a flow diagram showing the 
procedure for making plasmid pAB24/RT4, an expression 
vector for HIV reverse transcriptase. 

j Figure 21 is a flow diagram showing the 

construction of pCl/l-p25-ADH-GAP r a yeast expression 
vector for p25gag. 

Figure 22 shows the DNA and amino acid 
sequences of the p25gag structural region in pCl/l-p25- 
ADH-GAP . 

Figure 23 is a flow diagram showing the 
construction of pCl/l-pSP31-ADH-GAP (pCl/l-pSP31-GAP- 
ADH2) , a yeast expression vector for a SOD/p31pol fusion 
protein. 

Figure 24 shows the DNA and amino acid 
sequences of the SOD/p31pol structural region in pCl/1- 
pSP31-ADH-GAP. 

Figure 25 is a flow diagram showing the 
construction of pSOD/env5b from pSODCF2 and a synthetic 
env-5b sequence. 
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Figure 26 shows the nucleotide sequence and 
putative amino acid sequence of the SOD/env-4 fusion 
construct in pBS24/SOD-SFenv4 . 



shuttle vector pAB24. 

Figure 28 is a restriction map for yeast 
expression vector pAB-GAP-env2 . 

Figure 29 is a restriction map of pCMV6a. 

Figure 30 is an immunoblot performed with AIDS 
patient serum on env-1 (lanes A, B), env-2 (lanes C, D) 
and env-3 (lanes E, F). Lanes A, C and E are 
immunoblots with normal sera, while lanes B, D and F are 
immunoblots with serum from an AIDS patient. 



antibodies. Panel (a) shows the results for random, 
normal blood donors. Panel (b) shows the results for 
virus-seropositive individuals. The shaded bars are for 
sera that scored negative in the virus immunoblot 
assays. 

Modes for Carrying Out the Invention 

Nucleotide sequences are provided which are at 
least in part specific for sequences present in HIV 
retroviruses, which are the etiological agent of AIDS. 
HIV is an art-recognized family of viruses, e.g., HIV-1 
and HIV-2. The original isolates of these viruses were 
variably referred to as lymphadenopathy virus (LAV) 
[Barre- Sinoussi et al. (1983) Science 220:868-871], 
human T-cell lymphotropic virus-Ill (HTLV-III) [Popovic 
et al. (1984) Science 224:497] and £IDS-associated 
retrovirus (ARV) [Levy et al. (1984) Science 
225 :840-842]. Applicants originally termed these 
isolates "human T-cell lymphotropic retrovirus (hTLR) " • 
Subsequently, the name HIV has been given to these 



Figure 27 is a restriction map for yeast 



Figure 31 shows an ELISA survey for p31 
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retroviruses by an international committee. Thus, HIV 
(and particularly HIV-1) shall be used herein as an 
equivalent to hTLR. Examples of HIV-1 were previously 
called LAV f ARV and HTLV-III. Among the identifying 
characteristics of HIV retroviruses are (i) being an 
etiologic of AIDS, (ii) being cytopathic in vitro, (iii) 
having a tropism for CD4-bearing cells, and (iv) having 
elements trans-activating the expression of viral genes 
acting at the LTR level. 



by being similar in their morphology, serology, reverse 
transcriptase optima, cytopathology , amino acid 
sequence, and nucleotide sequence as known HIV strains. 
Coffin et al. (1986) Nature 321:10. Within different 
HIV-1 isolates, for example, the gag and pol proteins 
shows about 90-95% homology at the amino acid level, and 
the env precursor shows about 65-85% homology (most of 
the variations being confined to certain "hypervar iable" 
regions), with all 23 env cysteines being conserved. 
Alizon et al. (1986) Cell £6:63-74. HIV-2, however, is 
a new class of the HIV family that is not a strain of 
HIV-1 according to the recommended criteria of the 
international taxonomy committee. See, e.g., Guyader et 
al. (1987) Nature 326:662-669. HIV-1 and HIV-2 show an 
overall approximate amino acid homology of about 42%, 
with about 60% amino acid homology for the gag and pol 
proteins, and about 40% for the env precursor. 



be the entire sequence of the retrovirus and/or the 
provirus or may be fragments thereof based on 
restriction enzyme digestion of HIV (provirus and/or 
other dsDNA homologous to retrovirus RNA) , which 
fragments may be all or part of the LTR, gag, pol, env, 
and/or other open reading frames, such as Q (or sor ) , R, 



New HIVs may be shown to be of the same class 



The nucleotide sequences of this invention may 
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tat, and art (or trs ) (sometimes referred to by the 
designation "orf" herein), untranslated regions 
intermediate coding regions, and fragments and 
combinations thereof. The minimum size single-stranded 
fragment will be at least 20 bases and usually at least 
50 bases and may be 100 bases or more, where the entire 
HIV is about 9.5 kb. The sequence may be obtained as a 
fragment from the HIV or be synthesized. 

The fragments can be used in a wide variety of 
ways, depending upon their size, their natural function, 
the use for which they are desired, and the degree to 
which they can be manipulated to modify their function. 
Thus, sequences of at least 20 bases, more usually at 
least 50 bases, and usually not exceeding about 1000 
bases, more usually not exceeding about 500 bases, may 
serve as probes for detection of the presence of HIV in 
a host cell, including the genome, or in a physiological 
fluid, such as blood, lymph, saliva, spinal fluid, or 
the like. These sequences may include coding and/or 
non-coding sequences. The coding sequences may involve 
the gag, pol, env or other open reading frames, either 
in whole or in part. Where splicing occurs between, for 
example, a region in the LTR sequence and a coding 
sequence in another region, the joined DNA from the 
provirus, linked by in vitro manipulation, or from cDNA 
or cloned cDNA, may be employed* 

It is found that HIV is highly polymorphic. 
Therefore, not only may DNA prepared from various 
isolates vary by one or more point mutations, but even 
the passage of a single isolate may result in variation 
in the progeny. Thus, where the nucleotide sequences 
are used for duplex formation, hybridization, or 
annealing, for example, for diagnosis or monitoring of 
the presence of the virus in vivo or _in vitro , complete 
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base pairing will not be required. One or more 
mismatches are permissible. To ensure that the presence 
of one or a few, usually not more than three, mismatches 
still allows for stable duplexes under the predetermined 
stringency of hybridizing or annealing conditions, 
probes will normally be greater than 20 bases, 
preferably at least about 50 bases or more. 



formation by annealing or hybridization of the 
oligonucleotide probe, either labeled or unlabeled, 



the DNA or RNA of a host suspected of harboring the 
provirus or virus. A physiological sample may include 
tissue, blood, saliva, serum, etc. Particularly, blood 
samples will be taken, more particularly blood samples 
containing peripheral mononuclear cells, which may be 
lysed and the DNA or RNA isolated in accordance with 
known techniques. Cells may be cultured to amplify 
virus in vitro, or treated to stimulate PBLs, thereby 
producing more virus. Conveniently, the cells are 
treated with a detergent, nucleic acids are extracted 
with organic solvents and precipitated in an 
appropriately buffered medium, and the DNA or RNA 
isolated. Depending upon the particular protocol, the 
DNA may be fragmented by mechanical shearing or 
restriction endonuclease digestion. 



from the human host can be bound to a support or may be 
used in solution depending upon the nature of the 
protocol. The well-established Southern technique 
[(1975) J. Mol. Biol . 98:503] may be employed with 
denatured DNA, by binding the single-stranded fragments 
to a nitrocellulose filter. Alternatively, RNA can be 
blotted on nitrocellulose following the procedure 



The method of detection will involve duplex 



depending upon the nature of the detection system, with 



The sample polynucleotide mixture obtained 
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described by Thomas, (1980) Proc. Natl. Acad, Sci. (USA) 
77:5201. Desirably, the fragments will be 
elect rophoresed prior to binding to a support, so as to 
5 be able to select for various sized fractions. Other 
techniques may also be used such as described in 
Meinkoth & Wahl, (1984) Anal. Biochem . 138:267-284. 

The oligonucleotide probe may be DNA or RNA, 
usually DNA. The oligonucleotide sequence may be 

10 prepared synthetically or in vivo by cloning, where the 
complementary sequence may then be excised from the 
cloning vehicle or retained with the cloning vehicle. 
Various cloning vehicles are available, such as pBR322, 
M13, Charon 4A, or the like, desirably a single-stranded 

15 vehicle, such as M13. 

As indicated, the oligonucleotide probe may be 
labeled or unlabeled. A wide variety of techniques 
exist for labeling DNA and RNA. As illustrative of such 
techniques, is radiolabeling using nick translation, 

20 tailing with terminal deoxytransf erase, or the like, 
where the bases which are employed carry radioactive 
32 P. Alternatively, radioactive nucleotides can be 
employed where carbon, nitrogen or other radioactive 
atoms may be part of the nucleoside structure. Other 

25 labels which may be used include f luorophores , enzymes, 
enzyme substrates, enzyme cof actors, enzyme inhibitors, 
or the like. Alternatively, instead of having a label 
which provides for a detectable signal by itself or in 
conjunction with other reactive agents, ligands can be 

30 used to which receptors bind, where the receptors are 
labeled such as with the above-indicated labels, which 
labels provide detectable signals by themselves or in 
conjunction with other reagents. See, e.g., Leary et 
al. (1983) Proc. Natl. Acad. Sci. (USA) 80:4045-4049; 
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Cosstick et al. (1984) Nucleic Acids Res . 12:1791-1810; 
PCT Pub. No. WO 83/02277. 



the denatured human host nucleic acid, substantially 
intact or fragmented, or fractions thereof, under 
conditions of predetermined' stringency. The stringency 
will depend upon the size and composition of the probe, 
the degree of mismatching, the desired cross reactivity 
with other strains of the subject HIV, and the like. 
Usually, an organic solvent such as formamide will be 
present in from about 30 to 60 vol percent, more usually 
from about 40 to 50 vol percent, with salt concentration 
from 0.5 to 1 M. Temperatures will generally range from 
about 30°C to 65°C, more usually from about 35°C to 
50 °C. The times for duplex formation may be varied 
widely, although minimum times will usually be at least 
about one hour and not more than about 72 hours, the 
time being selected in accordance with the amount of DNA 
or RNA available, the proportion of DNA or RNA as 
compared to total DNA or RNA, or the like. Stringency 
may also be modified by ionic strength and temperature. 
The hybridization and annealing can be carried out in 
two stages: a first stage in a hybridization medium; 
and, a second stage, involving washings at a higher 
stringency, by varying either or both temperature and 



ionic strength. 

As understood in the art, the term "stringent 
hybridization conditions" as used herein refers to 
hybridization conditions which allow for closely related 
nucleic acid sequences to duplex (e.g., greater than 
about 90% homology), but not unrelated sequences. The 
appropriate conditions can be established by routine 
procedures, such as running Southern hybridization at 
increasing stringency until only related species are 



The oligonucleotide probes are hybridized with 
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resolved and the background and/or control hybridization 
has disappeared (i.e., selective hybridization). 

The oligonucleotide probe may be obtained in a 
variety of ways. Viral RNA from HIV may be isolated 
from the supernatant of cells infected (e.g.', HIV-1 or 
HIV-2) in culture, and the high molecular weight 
materials precipitated and the DNA removed, for example, 
employing DNase. The residual RNA may then be divided 
into molecular weight fractions, where the fraction 
associated with the molecular weight of the retrovirus 
is isolated. This fraction will be from about 8 to 10 
kb viral RNA. The viral RNA may be further purified by 
conventional techniques, such as electrophoresis, 
chromatography, or the like. 

Nucleotide probes may be prepared employing 
reverse transcriptase using primers, e.g., random 
primers or specific primers. The cDNA may be prepared 
employing a radioactive label, e.g., J *P, present with 
one or more of the dNTPs. Reverse transcription will 
provide various sized fragments depending on the 
primers, the efficiency of transcription, the integrity 
of the RNA, and the like. The resulting cDNA sequences 
may be cloned, separated and used for detection of the 
presence of a provirus in the human genome or for 
isolation of pure retroviral RNA. 

Using specific primers of 10 to 20 bases, or 
more, HIV may be reverse transcribed and the resulting 
ss DNA used as a probe specific for the region which 
hybridized to the primer. By employing one or more 
radionucleotide-labeled bases, the probes will be 
radiolabeled to provide a detectable signal. 
Alternatively, modified bases may be employed which will 
be randomly incorporated into the probe and may be used 
to provide for a detectable signal. For example, 
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biot in-mod if ied bases may be employed. The resulting 
biot in-containing probe may then be used in conjunction 
with labeled avidin to provide for a detectable signal 
upon hybridization and duplex formation. 

Of particular interest is employing the region 
containing the gag or env genes, where fragments may be 
employed to screen proviral DNA in infected cells, to 
determine the identity of retroviruses associated with 
AIDS or LAS obtained from different human hosts. Probes 
providing for the desired degree of cross-reactivity or 
absence of cross-reactivity may then be prepared in a 
form, either labeled or unlabeled, useful for diagnostic 
assays employing hybridization and annealing. 

The double-stranded DNA sequences, either 
isolated and cloned from proviral DNA or cDNA or } 
synthesized, may be used for expression of polypeptides 
which may be a precursor protein subject to further 
manipulation by cleavage, or a complete mature protein 
or fragment thereof. The smallest sequence of interest, 
so as to encode an amino acid sequence capable of 
specific binding, for example, to a receptor or an 
immunoglobulin, will be 21 bp, usually at least 45 bp, 
exclusive of the initiation codon. The sequence may 
code for any greater portion of or the complete 
polypeptide, or may include flanking regions of a 
precursor polypeptide, so as to include portions of 
sequences or entire sequences coding for two or more 
different mature polypeptides. The sequence will 
usually be less than about 5 kbp, more usually less than 
about 3 kbp. 

The sequences having open reading frames as 
numbered in Fig 4 are the genes beginning at nucleotide 
(nt) 838 to 2298 (gag); 2347 to 2825 (small polypeptide 
between gag and pol regions); 2965 to 5103 (pol); and 
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6236 to 8800 (env). It is to be understood that the 
above sequences may be spliced to other sequences 
present in the retrovirus, so that the 5' -end of the 
5 sequence may not code for the N-terminal amino acid of 
the expression product. The splice site may be at the 
5 f -terminus of the open reading frame or internal to the 
open reading frame. The initiation codon for the 
protein may not be the first codon for methionine, but 

10 may be the second or third methionine, so that employing 
the entire sequence indicated above may result in an 
extended protein. However, for the gag and env genes 
there will be proteolytic processing in mammalian cells, 
which processing may include the removal of extra amino 

15 acids. 

In isolating the different domains the 
provirus may be digested with restriction endonucleases , 
the fragments electrophoresed and fragments having the 
proper size and duplexing .with a probe, when available, 

20 are isolated, cloned in a cloning vector, and excised 

from the vector. The fragments may then be manipulated 
for expression. Superfluous nucleotides may be removed 
from one or both termini using Bal31 digestion. By 
restriction mapping, convenient restriction sites may be 

25 located external or internal to the coding region. 

Primer repair or iji vitro mutagenesis may be employed 
for defining a terminus, for insertions, deletion, point 
or multiple mutations, or the like, where codons may be 
changed, either cryptic or changing the amino acid, 

30 restriction sites introduced or removed, or the like. 

Where the gene has been truncated, the lost nucleotides 
may be replaced using an adaptor. Adaptors are 
particularly useful for joining coding regions to ensure 
the proper reading frame. 
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The env domain of HIV can be obtained by 



digestion of the provirus with Eco RI and Kpn l and 
purification of a 3300 base pair (bp) fragment, which 
fragment contains about 400 bp of 5 ! non-coding and 
about 200 bp of 3' non-coding region. Three different 
methionines coded for by the sequence in the 5' end of 
the open reading frame may serve as translat ional 
initiation sites. 



ARV-2 has a coding capacity of 863 amino acids. 
Portions of the env gene coding for the polypeptides 
shown in Figure 5 were produced in S. cerevisiae using 
yeast expression vectors. See Figure 13. Env-2, 
encompassing amino acid residues 26 to 510, corresponds 
to the major portion of the mature envelope 
glycoprotein, gpl20, that is external to viral and 
infected cell membranes. Env-1 includes amino acid 
residues 26 to 276 and represents approximately the 
amino-terminal half of the gpl20 polypeptide. Env-3, 
stretching between amino acid residues 529 to 855, 
corresponds to the portion of the env gene which encodes 
gp41, the viral glycoprotein that spans membranes and 
serves as an anchor for the envelope glycoprotein 
complex. Env-4, amino acid residues 272 to 509, 
correspond to the carboxyl terminal half of gpl20. 
Env-5b, encompassing amino acid residues 557 to 677, 
corresponds to the region of gp41 stretching between' the 
two hydrophobic domains. These various recombinant 
portions of the env domain are valuable in diagnostic 
assays for HIV infections, particularly env-2 and 1 
env-5b. 



EcoRV provides a fragment of about 2300 bp which 
contains the gag domain and a second small open reading 



10 



The open reading frame of the env gene of 



Digestion of proviral sequences with Sac I and 
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frame towards the 3 1 end of the gag region. The gag 
domain is about 1500 bp and codes for a large precursor 
protein which is processed to yield proteins of about 
25,000 (p25), 16,000 (pl6) and 12,000 (pl2) daltons. 
Digestion with Sac I and Bql l I may also be used to obtain 
exclusively the gag domain with pl2, p25 and partial pl6 
regions. 

Digestion of the previous with Kpn l and Sst I 
provides a fragment containing the portion of the pol 
domain that encodes p31. Native HIV reverse 
transcriptase (RT) is purified from virions in p66 and 
p51 forms. Both of these forms have identical 
N-termini f apparently differing at the C-termini. RT is 
encoded within a domain of the viral pol gene. The 
mature enzyme is derived by proteolytic processing from 
a large precursor polypeptide whose cleavage is thought 
to be mediated by a viral protease. This protease, by 
analogy with other retroviruses, also cleaves the gag 
gene* precursor . For direct expression of the RT domain 
in yeast, the N- and C-termini of the mature protein 
were estimated by drawing on homology comparisons with 
the amino acid sequences of pol gene products of other 
retroviruses. Precise amino acid choices for termini 
were based on the target specificities of retroviral 
proteases, including the AIDS virus protease, from known 
gag subunit sequences. Accordingly , the Phe-Pro at 
positions 155 and 156 of the ARV-2 pol open reading 
frame and the Val-Pro at positions 163 and 164 were 
selected as likely N-termini. A likely C terminal 
processing site was estimated at the Val-Pro of 
positions 691 and 692. See Figure 5. Recombinant RT is 
valuable in diagnostic assays for HIV infections. 

The polypeptides which are expressed by the 
above DNA sequences may find use in a variety of ways. 
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The polypeptides or immunologically active fragments 
thereof, may find use as diagnostic reagents, being used 
in labeled or unlabeled form or immobilized (i.e., bound 
5 to a solid surface), as vaccines, in the production of 
monoclonal antibodies, e.g., inhibiting antibodies, or 
the like. 

The DNA sequences may be joined with other 
sequences, such as viruses, e.g., vaccinia virus or 

10 adenovirus, to be used for vaccination. Particularly, 
the DNA sequence of the viral antigen may be inserted 
into the vaccinia virus at a site where it can be 
expressed, so as to provide an antigen of HIV recognized 
as an immunogen by the host. The gag, pol, or env genes 

15 or fragments thereof that encode immunogens could be 
used. 

Another alternative is to join the gag, env, 
or pol regions or portions thereof to HBsAg gene or 
pre-S HBsAg gene or immunogenic portions thereof, which 

20 portion is capable of forming particles in a unicellular 
microorganism host, e.g., yeast or mammalian cells. 
Thus, particles are formed which will present the HIV 
immunogen to the host in immunogenic form, when the host 
is vaccinated with assembled particles. 

25 As vaccines, the various forms of the 

immunogen can be administered in a variety of ways, 
orally, parenterally , intravenously, intra-arter ially , 
subcutaneous ly, intramuscularly, or the like. Usually, 
11 these will be provided in a physiologically acceptable 

30 vehicle, generally distilled water, phosphate-buffered 
saline, physiological saline, buffers containing SDS or 
EDTA, and the like. Various adjuvants may be included, 
such as aluminum hydroxide, MTP in saline and Tween 80, 
and the dosages, number of times of administration and 
manner of administration- determined empirically. 
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In order to obtain the HIV sequence (e.g., 
HIV-1 or HIV-2), virus can be pelleted from the 
supernatant of infected host cells. A 9 kb RNA species 
5 is purified by electrophoresis of the viral RNA in 

low-melting agarose gels, followed by phenol extraction. 
The purified RNA may then be used as a template with 
random primers in a reverse transcriptase reaction. The 
resulting cDNA is then screened for hybridization to 

10 polyA+ RNA from infected and uninfected cells, or to one 
of X vectors containing HIV DNA disclosed herein. For 
the polyA+ RNA, hybridization occurring from infected, 
but not uninfected cells, is related to HIV. 

Genomic DNA from infected cells can be 

15 digested with restriction enzymes and used to prepare a 
bacteriophage library. Based upon restriction analysis 
of the previously obtained fragments of the retrovirus, 
the viral genome can be partially digested with Eco RI 
and 9 kb-15 kb DNA fragments isolated and employed to 

20 prepare the library. The resulting recombinant phage 
may be screened using a double-lift screening method 
employing the viral cDNA probe, followed by further 
purification, e.g., plaque-purification and propagation 
in large liquid cultures. From the library, the 

25 complete sequence of the virus can be obtained and 
detected with the previously described probe. 

HIV DNA (either provirus or cDNA) may be 
cloned in any convenient vector. Constructs can be 
prepared, either circular or linear, where the HIV DNA, 

30 either the entire HIV or fragments thereof, may be 
ligated to a replication system functional in a 
microorganism host f either prokaryotic or eukaryotic 
cells (mammalian, yeast, arthropod, plant). Micro- 
organism hosts include E. coli , B. subtil is , P. 
aeruqenosa , S. cerevisiae , N. crassa , etc. Replication 
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systems may be derived from ColEl, 2 mu plasmid, X, 
SV40, bovine papilloma virus, or the like, that is, both 
plasmids and viruses. Besides the replication system 
5 and the HIV DNA, the construct will usually also include 
one or more markers, which allow for selection of 
transformed or transfected hosts. Markers may include 
biocide resistance, e.g., resistance to antibiotics, 
heavy metals, etc., complementation in an auxotrophic 

10 host to provide prototrophy, and the like. 

To produce recombinant polypeptides, 
expression vectors will be employed. For expression in 
microorganisms, the expression vector may differ from 
the cloning vector in having transcriptional and 

15 translational initiation and termination regulatory 
signal sequences and may or may not include a 
replication system which is functional in the expression 
host. The coding sequence is inserted between the 
initiation and termination regulatory signals so as to 

20 be under their regulatory control. Expression vectors 
may also include the use of regulable promoters, e.g., 
temperature-sensitive or inducible by chemicals, or 
genes which will allow for integration and amplification 
of the vector and HIV DNA such as tk, dhfr, 

25 metallothionein, or the like. 

The expression vector is introduced into an 
appropriate host where the regulatory signals are 
functional in such host. The expression host is grown 
in an appropriate nutrient medium, whereby the desired 

30 polypeptide is produced and isolated from cells or from 
the medium when the polypeptide is secreted. 

Where a host is employed in which the HIV 
transcriptional and translational regulatory signals are 
functional, then the HIV DNA sequence may be manipulated 
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to provide for expression of the desired polypeptide in 
proper juxtaposition to the regulatory signals. 

The polypeptide products can be obtained in 
substantially pure form, particularly free of debris 
from human cells, which debris may include such 
contaminants as proteins, polysaccharides, lipids, 
nucleic acids, viruses, bacteria, fungi, etc., and 
combinations thereof. Generally, the polypeptide 
products will have less than about 10-15 weight percent, 
preferably less than about 5 weight percent, of 
contaminating materials from the expression host. 
Depending upon whether the desired polypeptide is 
produced in the cytoplasm or secreted, the manner of 
isolation will vary. Where the product is in the 
cytoplasm, the cells are harvested, lysed, the product 
extracted and purified, using solvent extraction, 
chromatography, gel exclusion, electrophoresis, or the 
like. Where secreted, the desired product will be 
extracted from the nutrient medium and purified in 
accordance with the methods described above. 

In many cases it will be desirable to express 
the recombinant HIV polypeptide as a fusion protein. 
This is particularly true with polypeptides such as 
p31pol and the transmembrane region of gp41env (env-5), 
to obtain improved levels of expression. The fusion 
proteins approach allows the addition of a signal 
sequence to the HIV polypeptide so that the product is 
secreted by the expression host. Generally, the DNA 
sequence for the HIV polypeptide is in the Oterminal 
portion of the fused gene, the heterologous sequence 
making up the N-terminal. The choice of the appropriate 
heterologous sequence for fusion to the HIV sequence is 
a matter of choice within the skill of the art. 
Preferred heterologous sequences include the N-termini 
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of 8-galactosidase and human superoxide dismutase. It 
is usually preferable that the heterologous sequence be 
non- immunogenic to humans. In one embodiment, however, 
two HIV sequences from different immunogenic domains of 
the virus, such as gag and env, are fused together. This 
produces a single fusion protein with the immunogenic 
potential of the two parent polypeptides. 

The expression products of the env, gag, and 
pol genes and immunogenic fragments thereof having 
immunogenic sites may be used for screening antisera 
from patients' blood to determine whether antibodies are 
present which bind to HIV antigens. One or more of the 
antigens may be used in the assay. Preferred modes of 
the assay employ a combination of gag and env antigens 
or pol and env antigens. A combination of p25gag, 
pl6gag, or p31pol and env antigens is particularly 
preferred. A wide variety of assay techniques can be 
employed, involving labeled or unlabeled antigens or 
immobilized antigens. The label may be fluorescers, 
radionuclides, enzymes, chemi luminescers , magnetic 
particles, enzyme substrates, cof actors or inhibitors, 
ligands, or the like. 

A particularly convenient technique is to bind 
the antigen to a support that will bind proteins, such 
as the surface of an assay tube, a well of an assay 
plate, or a strip of material like nitrocellulose or 
nylon, and then contact the sample with the immobilized 
antigen. After washing the support to remove 
non-specif icaliy bound antisera, labeled antibodies to 
human Ig are added and specifically bound label 
determined. 

EL ISA and "dot-blot" assays are particularly 
useful for screening blood or serum samples for anti-HIV 
antibodies. The EL ISA assay uses microtiter trays 
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having wells that have been coated with the antigenic 
HIV polypeptides (s) . The wells are also typically post- 
coated with a nonantigenic protein to avoid nonspecific 
binding of antibodies in the sample to the well surface. 
The sample is deposited in the wells and incubated 
therein for a suitable period under conditions favorable 
to antigen-antibody binding. 

Anti-HIV antibodies present in the sample will 
bind to the antigen(s) on the well wall. The sample is 
then removed and the wells are washed to remove any 
residual , unbound sample. A reagent containing enzyme- 
labeled antibodies to human immunoglobulin is then 
deposited in the wells and incubated therein to permit 
binding between the labeled anti-human Ig antibodies and 
HIV antigen-human antibody complexes bound to the well 
wall. Upon completion of the incubation, the reagent is 
removed and the wells washed to remove unbound labeled 
reagent. A substrate reagent is then added to the wells 
and incubated therein. Enzymatic activity on the 
substrate is determined visually or 
spectrophotometrically and is an indication of the 
presence and amount of anti-HIV antibody-containing 
immune complex bound to the well surface. 

The "dot-blot" procedure involves using HIV 
antigen(s) immobilized on a piece or strip of bibulous 
support material, such as nitrocellulose filter paper or 
nylon membrane, rather than antigen-coated microtiter 
trays. The support will also be treated subsequently 
with a nonantigenic protein to eliminate nonspecific 
binding of antibody to the support. The antigen- 
carrying support is contacted with (e.g., dipped into) 
the sample and allowed to incubate therein. Again, any 
anti-HIV antibodies in the sample will bind to the 
antigen(s) immobilized on the support. After a suitable 
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incubation period the support is withdrawn from the 
sample and washed in buffer to remove any unbound sample 
from the paper. The support is then incubated with the 
enzyme-labeled antibody to human Ig reagent for a 
suitable incubation period. Following treatment with 
the labeled reagent the support is washed in buffer, 
followed by incubation in the substrate solution. 
Enzymatic activity, indicating the presence of anti-HIV 
antibody-containing complexes on the support, causes 
color changes on the support which may be detected 
optically. 

Either of these techniques may be modified to 
employ labels other than enzymes, or to detect non-human 
15 anti-HIV antibodies (e.g. f primate). The reading or 
detection phases will be altered accordingly. 

The antigenic HIV polypeptide may also be used 
as immunogens by themselves or joined to other antigens 
for the production of antisera or monoclonal antibodies 
which may be used for therapy or diagnosis. When used 
as immunogens, the HIV polypeptides can be prepared as 
vaccine compositions, as is known in the art. The 
immunoglobulins may be from any mammalian source, e.g., 
rodent, such as rat or mouse, primate, such as baboon, 
monkey or human, or the like. For diagnosis, the 
antibodies can be used in conventional ways to detect 
HIV in a clinical sample. 



EXAMPLES 



The following examples are offered for 
illustrative purposes only, and are not intended to 
limit the scope of the claims in any way. The examples 
are organized as follows: 
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1 . Isolation, Cloning and Characterization of HIV 



1.1. Purification and preparation of viral 
RNA 

1.2. Synthesis of labeled viral probe 

1.3. Detection of HIV RNA and DNA in 
mammalian cells 

1.4. Cloning of proviral HIV DNA 

1.5. Polymorphism of HIV 

1.6. Sequencing of proviral DNA 

1.7. Amino acid sequences of native HIV 



2. Expression of HIV Polypeptides in Mammalian Cells 



2.1. Expression of env peptide 

2.1.1. Mammalian expression vector pSV-7c 

2.1.2. Transformation of cells with env 
sequences 

2.1.3. Detecting expression via 
immunofluorescence 

2.2 Expression of gpl60env 

2.2.1. Mammalian expression vector pSV7d 

2.2.2. Expression of tPA/gpl60 

2.3 Expression of gpl20env 

2.3.1. Expression of tPA/gpl20 in pSV7d 

2.3.2. Expression of gpl20 using CMV IE-1 
promoter 

2.4 Expression of gag peptides 

2.5 Expression of gag-env fusion protein 



3. Expression of HIV Polypeptides in Bacteria 



proteins 



3.1. 



Expression of p25gag 
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3.1.1. Host-vector system 
3.1*2. Construction of pGAG25-10 

3.1.3. Transformation and expression of gag 
peptide 

3.1.4. Fermentation process 

3.1.4.1. Preparation of master seed stock 

3.1.4.2. Fermenter inoculum 

3.1.4.3. Fermentation and harvest 

3.1.5. Purification of p25gag 

3.1.6. Characterization of recombinant 
p25gag 

3.1.6.1. Protein gel electrophoresis 

3.1.6.2. Western analysis 

3.1.6.3. ELISA comparison of recombinant 
and native p25gag 

3.2. Expression of pl6gag 

3.3. Expression of fusion protein p41gag 

3.4. Expression of p31pol 

3.4.1. Host-vector system 

3.4.2. Construction of pTP31.2 

3.4.2.1. Construction of M13 template 
01100484 

3.4.2.2. In vitro mutagenesis of 01100484 

3.4.2.3. Isolation of DNA fragments 
containing p31 

3.4.2.4. Cloning of p31 into plot 7 

3.4.2.5. Construction of pTP31 

3.4.3. Screening of transf ormants 

3.4.4. Characterization of recombinant 
protein 

3.5. Expression of SOD-p31 fusion protein 

3.6. Expression of S0D-env5b fusion protein 

3.6.1. Host-Vector System 

3.6.2. Construction of pSOD/env5b 
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3.6.3. Expression of SOD/env5b fusion 
protein 

3.6.4. Protein Purification 

3.7. Expression of B-gal-env fusion proteins 

3.7.1. Host-vector system 

3.7.2. Construction of pII-3 

3.7.3. Expression and characterization of 
fusion protein 

Expression of HIV Polypeptides in Yeast 

4.1. Expression of envH peptide 

4.1.1. Host-vector system 

4.1.2. Construction of pDPC303 

4.1.3. Transformation and expression 

4.1.4. Purification of envH protein 

4.1.4.1. Cell breakage 

4.1.4.2. SDS extraction of insoluble 
material 

4.1.4.3. Selective precipitation and gel 
filtration 

4.1.5. Characterization of recombinant envH 

4.2. Expression of env subregion polypeptides 

4.2.1. Env-1 
4.2.1.1. GAP promoter 

4.2.2. Env-2 

4.2.2.1. Construction of pAB24-GAP-env2 

4.2.2.2. Transformation and expression 

4.2.2.3. Purification of env-2 protein 

4.2.2.4. Immunogenic ity 

4.2.3. Env-3 

4.2.3.1. GAP promoter 

4.2.3.2. ADH-2/GAPDH promoter 

4.2.4. Env-4 . 
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4 . 2 • 4 • 1 . pBS24/SF2env4/GAP 

4.2.4.2. pBS24 

4.2.4.3. pBS24/SOD-SF2env4 

5 4.2.5. ySOD/env-5b fusion protein 

4.2.6. Env 4-5 

4.2.6.1. Construction of pBS24 . l/SOD-SF2env 
4-5 

4.2.6.2. Transformation and expression 
10 4.2.6.3. Protein purification 

4.3. p31pol 

4.3.1. GAP/ADH2 promoter 

4.3.2. GAP promoter 

4.3.3. SOD-p31 fusion protein 
15 4.3.3.1. pCl/l-pSP31-GAP-ADH2 

4.3.3.2. Transformation and expression 

4.3.3.3. Purification and characterization 
4.4 Reverse transcriptase (RT) 

4.4.1. pAB24/RT4 expression vector 
20 4.4.2. Transformation and expression 

4.4.3. Purification 

4.4.4. Electrophoresis and immunoblott ing 

4.4.5. RT activity assay 
4.5. p25gag 

25 4.5.1. Host-vector system 

4.5.2. Saccharomyces cerevisiae AB110 

4.5.3. pCl/l-p25-ADH-GAP 

4.5.4. Transformation and expression 

4.5.5. Protein Purification 

30 4 - 6 - P53gag 

4.6.1. Construction of pCl/l-GAP-p53 

4.6.2. Transformation and expression 

4.6.3. Protein purification 
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5 . Immunoassays for Anti-HIV Abs Using Recombinant 
HIV Polypeptides 

5.1. ELISA-A 

5.1.1. Assay Protocol 

5.1.2. Results 

5.2. ELISA-B 

5.2.1. Assay Protocol 

5.2.2. Results 

5.3. Dot Blot Assay 

5.4. Immunoblot Strip EL ISA Assay 

6. Serology Studies with Recombinant HIV Polypeptides 

6.1. Immunoblot with Env Polypeptides 

6.2. EL ISA with Env Polypeptides 

6.3. EL ISA with Gag Polypeptides 

6.4. Western and ELISA with Pol Polypeptides 

7 . HIV Immunization 

7.1. Immunization of mice 

7.2. Immunization of guinea pigs 

25 7. Deposits of Biological Materials 

1. Isolation, Cloning and Characterization of HIV 



15 



20 



30 



The DNA and RNA sequences of HIV are provided, 
as well as fragments thereof, which find extensive use 
in the detection of the presence of HIV, for the 
expression of protein specific for HIV and the use of 
such proteins for the production of monoclonal 
antibodies for in vitro and in vivo use, in diagnostics, 
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therapy, or the like. In addition, due to the observed 
polymorphism of HIV, probes are indicated which can be 
used to detect the presence of HIV or a particular 
polymorphism thereof. The probes are at least about 20 
bases and will usually not be more than about 500 bases 
and may be in the gag, env or LTR region. Furthermore, 
a strategy is provided for analyzing the various 
polymorphisms, using restriction enzyme analysis, 
whereby different isolates can be related in accordance 
with different families. 

1.1 Purification and preparation of viral RNA 

HUT-78 cells infected with ARV-2 (ATCC 
Accession No. CRL 8597, deposited on August 7, 1984) 
were obtained from Dr. Jay Levy, University of 
California, San Francisco. Cultures were grown for two 
weeks in RPMI medium with 10% fetal calf serum. Cells 
were removed by low-speed centr if ugat ion (1,000 x g for 
10 min), and the resulting supernatants centrifuged at 2 
Krpm for 1 h at 4°C using a SW-28 rotor. The pellet, 
containing the virus, was resuspended in 10 mM Tris-HCl, 
pH 7.5 on ice. The resuspended pellet was treated with 
10 yg of DNase ( Boehringer-Mannhein) and was layered 
onto a linear sucrose gradient (15-50% in 10 mM 
Tris-HCl, pH 7.5, 1 ^mM EDTA, 20 mM NaCl). The gradient 
was spun at 34 Krpm for 4 h at 4°C, in SW-41 rotor. 
Five 2.5 ml fractions were collected and an aliquot of 
each was elect rophoresed in a 1% agarose, 5 mM methyl 
mercury hydroxide gel [Bailey et al. (1976) Anal. 
Biochem . 70:75-85] to determine which contained the 9 kb 
viral RNA. The fraction containing the viral RNA 
(identified by gel analysis) was diluted to 10 ml in 10 
mM Tris-HCl, pH 7.5, 1 mM EDTA and was centrifuged at 34 
Krpm for 2 h at 4°C. The pellet was resuspended in 20 
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mM Tris-HCl, pH 7.6, 10 mM EDTA, 0.1% SDS, and 200 yg/ml 
proteinase K. Incubation was carried out for 15 min at 
room temperature. The mixture was extracted with phenol 
and the aqueous phase was made 400 mM NaCl and 
precipitated with ethanol. The pellet was resuspended 
in water and stored at -70°C. 

To purify the viral RNA from the nucleic acid 
pellet obtained as described above, a sample was 
electrophoresed in a low-melting 1% agarose gel 
containing 5 mM Methyl mercury hydroxide. After 
electrophoresis, the gel was stained with 0.1% ethidium 
bromide and nucleic acid bands were visualized under UV 
light. The region corresponding to 9 kb was cut from 
the gel and the agarose was melted at 70 °C for 2 to 3 
min in three volumes of 0.3 M NaCl, 10 mM Tris, pH 7.5, 
1 mM EDTA. The mixture was extracted with an equal 
volume of phenol. The aqueous phase was reextracted 
with phenol and was precipitated with ethanol. The 
pellet was washed with cold 95% ethanol, air dried, 
resuspended in water and stored at -70 °C until use. One 
hundred ml of culture medium yielded 0.5 to 1 pg of 
purified RNA. 

1.2. Synthesis of labeled viral probe 

A 3^P-labeled c qna was made to the gel 

purified viral RNA using random primers (calf thymus 
primers) prepared as described in Maniatis et al., 
Molecular Cloning: A Laboratory Manual (Cold Spring 
Harbor Laboratories 1982). The reaction mixture 
contained 2 ul of 0.5 M MgCl2; 5 \xl of 0.1 M 
dithiothreitol; 2.5 pi each of 10 mM dATP, 10 mM dGTP 
and 10 mM dTTP; 2.5 yl calf thymus primer ( 100A260/ ml ) ? 
0.5 ug viral RNA; 5 ul of actinomycin D (200 pg/ml); 10u 
1 of 32 P-dCTP (>3000 Ci/mmole, 1 mCi/ml) and 1 yl of AMV 
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reverse transcriptase (17 units/yl) in a 50 ul reaction 
volume. The reaction was incubated for 1 h at 37°C. The 
probe was purified away from free nucleotides by gel 
filtration using a Sephadex G50 column. The void volume 
was pooled, NaCl was added to a final concentration of 
400 mM and carrier single-stranded DNA to 100 ug/ml, and 
the cDNA was precipitated with ethanol. The pellet was 
resuspended in water and incorporated 32 P counts were 
determined. 

1.3. Detection of HIV RNA and DNA in mammalian cells 

PolyA+ RNA was prepared from HUT-78 cells 
infected with ARV-2, ARV-3 or ARV-4 (three different 
isolates from three different AIDS patients) and from 
uninfected HUT-78 cells. The polyA+ RNA was 
electrophoresed on 1% agarose gels containing 5 mM 
methyl mercury hydroxide (Bailey et al. supra ) , was 
transferred to nitrocellulose filters, and hybridized 
with the homologous probe prepared as described in 
Section 1.2. Hybridizations were carried out in 50% 
formamide, 3 x SSC at 42°C. Washes were at 50°C in 0.2 
x SSC. A 9 kbp band was present in all three samples of 
infected HUT-78 cells. This band was absent in polyA+ 
from uninfected cells. 

High molecular weight DNA (chromosomal) was 
prepared from cultures of HUT-78 cells infected with 
ARV-2 and from non-infected HUT-78 cells following the 
procedure of Luciw et al. (1984) Molec. & Cell Biol. 
4:1260-1269. The DNA was digested with restriction 
enzyme(s), electrophoresed in 1% agarose gels and 
blotted onto nitrocellulose following the procedure 
described by Southern, (1975), supra . Blots were 
hybridized with the 32 P-labeled probe (10 6 cpm/blot) in 
a mixture containing 50% formamide, 3 x SSC, 10 mM 
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Hepes, pH 7.0 , 100 yg/ml denatured carrier DNA, 100 
ug/ml yeast RNA and 1 x Denhardt's for 36 h at 42°C. 
Filters were washed once at room temperature in 2 x SSC 
5 and twice at 42°C in 0.2 x SSC, 0.1% SDS. Filters were 
air dried and exposed to X-Omat film using an 
intensifying screen. 

The homologous 32 P-probe to ARV-2 hybridized 
specifically to two bands in the DNA from infected cells 

10 restricted with Sac I . These bands were absent when DNA 
of non-infected cells was used, indicating that the 
probe is hybridizing specifically to infected cells 
presumably to the provirus integrated in the chromosomal 
DNA. The molecular weight of the bands is approximately 

15 5 kb and 3 kb. 

In order to determine if different enzymes 
would cut the proviral sequence, several other 
restriction digestions of the cell DNA were carried out 
using EcoRI, Sph I or Kpn l or double digestions using two 

20 of them. Southern results show specific bands 

hybridizing when DNA of infected cells is used. Figure 
1 shows a schematic map of the positions of restriction 
enzyme sites in the proviral sequence, and indicates 
fragment sites. 

25 

1,4. Cloning of proviral HIV DNA 

High molecular weight cell DNA from infected 
HUT-78 cells was prepared following the procedure of 
Luciw et al. f supra . The DNA was digested with EcoRI, 
30 which cuts once in the provirus , centrifuged in a 

sucrose gradient and fractions corresponding to 8-15 kb 
were pooled, dialyzed and concentrated by ethanol 
precipitation. The bacteriophage X derivative cloning 
vector, EMBL-4 [Karn et al. (1983) Methods Enzvmol. 
101 :3-191 was digested to completion with a mixture of 
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Eco RI r Bam HI and Sai l restriction enzymes and the DNA 
then deproteinized by phenol-chloroform extraction, 
precipitated with cold ethanol and resuspended in 
ligation buffer. The EMBL-4 phage DNA and Eco RI digest 
of cellular DNA were mixed and ligated and the resultant 
recombinant phage genomes packaged in vitro . After 
phage infection of X-sensitive E_^ coli (DPSOsupF), about 
500,000 phage plaques were transferred onto 
nitrocellulose filters, DNA was fixed and the filters 
were screened with a homologous °*P-probe prepared as 
described in Section 1.2. Eleven recombinant phage out 
of 500,000 phage annealed in the initial double-lift 
screening method (Maniatis et al., supra ) to viral cDNA 
probe, and these were further plaque-purified and 
propagated in large liquid cultures for preparation of 
recombinant DNA. Plaque-purified phage containing ARV 
DNA were propagated in liquid culture in E^_ coli 
DPSOsupF; phage particles were harvested and banded in 
CsCl gradients and recombinant phage DNA was prepared by 
phenol extraction followed by ethanol precipitation 
(Maniatis et al., supra ) . One microgram of purified 
phage DNA was digested with restriction enzymes, 
electrophoresed on 1% agarose gels, and visualized with 
ethidium bromide under ultraviolet light. The DNA from 
these gels was transferred to nitrocellulose and 
annealed with viral cDNA probe. 

Described below is the analysis of the 11 
recombinant phage DNA molecules utilizing restriction 
enzymes and viral cDNA probe. Two examples were 
selected for detailed description: X-9B contained an 
insertion of full-length proviral DNA along with 
flanking cell sequences, and X-7A harbored a full-length 
viral genome permuted with respect to the Eco RI site. 
Digestion of X-9B DNA with Sac I yielded viral DNA 
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fragments of 3.8 kb and 5.7 kb (Fig. 2). Eco RI 
digestion of X-9B produced virus containing DNA species 
at 6.4 kb and 8.0 kb; a double digest of Sac I and Eco RI 
gave viral DNA fragments at 3.8 kb and 5.4 kb (Fig. 2). 
This pattern is consistent with that of a provirus 
linked to cell DNA. The patterns of the digestion with 
Kpn l and with a mixture of Kpn l and Eco RI support this 
conclusion for X-9B. In particular, digestion of X-9B 
DNA with Kpn l showed a 5.2 kb species that represents 
the internal fragment seen in proviral DNA (Figs. 1 and 
2). Bacteriophage XARV-2(9B) was deposited at the ATCC 
on 25 January 1985 and given Accession No. 40158. A 
second recombinant phage, X-10C, also contained a 
full-length proviral DNA insertion. 

When the DNA of X-7A phage was treated with 
Sac I , two viral DNA fragments were observed at 3.8 kb 
and 6.6 kb (Fig. 3). Eco RI digestion of X-7A DNA 
produced a 9.4 kb viral species, and a digestion with a 
mixture of Eco RI and Sac I yielded two viral DNA 
fragments at 3.8 kb and 5.4 kb (Fig 3). Thus, X-7A 
should represent a recombinant phage clone containing a 
full-length linear HIV genome that is permuted with 
respect to the Eco RI site. Analyses with Kpn l support 
this model. After digestion with Kpn l a DNA fragment at 
4.2 kb was observed as well as other DNA species. See 
Figure 3. The data indicated that the 4.2 kb DNA 
fragment represents the circle junction and the others 
represent HIV DNA linked to cell DNA and bacteriophage 
vector DNA. The double digestion with Kpn l and Eco RI 
left the 4.2 kb DNA intact and produced two fragments at 
1.6 kb and 3.6 kb (Fig. 3); these three DNA species 
added up to 9.4 kb and constituted the HIV genome 
predicted from a permuted configuration. 
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In addition to the two types of recombinant 
phage containing HIV DNA described above, phage was 
obtained that (1) possessed the left half of the viral 
genome from the Eco RI site in viral DNA extending into 
flanking cell DNA [XARV-2(8A)] and (2) phage that had 
the right half of the viral genome [XARV-2(7D)] from the 
Eco RI site in viral DNA extending into flanking cell 
DNA. The four types of recombinant phage DNA structures 
are predicted from the analysis of viral DNA observed in 
infected cells. Maps of restriction enzyme sites are 
shown in Figures 1-3. The data for these maps were 
compiled from studies of proviral DNA in infected cells, 
from characterization of recombinant phage DNA, and from 
preliminary DNA sequence information. Bacteriophages 
XARV-2(7D) (right) and XARV-2(8A) (left) were deposited 
at the ATCC on October 26, 1984 and given Accession Nos. 
40143 and 40144, respectively. 

To validate the cloned HIV DNA, a radioactive 
probe was prepared from two regions of the cloned HIV 
genome that represent about 70% of the genome and this 
probe was used to detect HIV DNA in restriction enzyme 
digests of DNA from infected cells. Whole-cell DNA was 
prepared from HUT-78 cell cultures infected with HIV-1 
strains ARV-2, ARV-3 and ARV-4, and analyzed by 
digestion with restriction enzymes as described in 
Section 1.3. A probe to cloned ARV-2 DNA was prepared 
as follows: DNA from recombinant phage X-7A (Fig. 3) 
was digested with Sac I or with a mixture of Sac I and 
Kpn l and digestion products were electrophoresed in 1% 
agarose gels (low-melting agaroise); the 3.8 kb DNA 
fragment from the digestion with Sac I and the 3.1 kb DNA 
fragment from the digestion with Sac I and Kpn l (Fig. 3) 
we re eluted, pooled, denatured by boiling in water for 2 

-40- 

2300013701 



2300-0137 
PATENT 



min, and used as templates with random DNA primers (calf 
thymus) with reverse transcriptase. 

DNA from HUT-78 cells infected with ARV-2, 
5 ARV-3 or ARV-4 were digested with Sac I , PstI or Hindi II. 
Digested DNA was electrophoresed on 1% agarose gels, 
blotted onto nitrocellulose filters and annealed with 
probe to cloned ARV-2 DNA or to homologous cDNA probe 
prepared as described in Section 1.2. Results show that 
10 Sac I , PstI, and Hin di II fragments detected by both 
probes are identical in all isolates. 

1.5. Polymorphism of HIV 

To measure the relatedness of independent HIV 
15 isolates, restriction enzyme digests of DNA from HUT-78 
cells infected with ARV-3 and ARV-4 were analyzed with 
the probe made from cloned ARV-2 DNA. The Sac I digest 
of ARV-3 DNA was similar to that of ARV-2 whereas the 
Hin dlll digests displayed different patterns. The Sac I 
2 q digest and the Pst I digest of ARV-4 DNA differed from 
the corresponding digests of ARV-2 DNA. The intensity 
of the annealing signals obtained with ARV-3 and ARV-4 
samples was much lower (about 10-fold less) than that 
for ARV-2 DNA, probably as a result of the fact that 
25 fewer cells were infected in the ARV-3 and ARV-4 

cultures. The viral-specific DNA fragments produced by 
Sac I treatment of ARV-3 and ARV-4 DNA totaled 9.0-9.5 
kbp, a value similar to that of ARV-2 and in consonance 
with the RNA genome sizes. 

30 

1.6. Sequencing of proviral DNA 

Fragments or subfragments of ARV-2 DNA were 
prepared from the recombinant phages and cloned into M13 
according to conventional procedures (Maniatis et "al., 
supra ) . Sequencing was performed according to Sanger et 
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al. [(1977) Proc. Natl, Acad, Sci. USA 74:5463], using 
the universal M13 primer or chemically synthesized 
primers complementary to ARV-2 sequence. The sequence 
is shown in Figure 4. Also indicated in this figure are 
the restriction sites present in the DNA and the open 
reading frames encoded by the sequence. 

The sequence of the HIV-1 DNA from X phage 9B 
was sequenced in a similar manner. This sequence is 
shown in Figure 5. There are several differences 
between the sequences shown in Figures 4 and 5 which 
reflect the polymorphism in HIV and the fact that the 
sequence of Figure 4 was derived as a composite from 
sequence data on several HIV isolates, whereas the 
sequence of Figure 5 is from a single isolate. The main 
difference affecting polypeptide sequence is that the 
small open reading frame between the gag and pol genes 
in Figure 4 is not independent, but is part of the pol 
gene in Figure 5. This merger of these reading frames 
was the result of three base changes. The region of 
fusion and sequence change occurs roughly between 
nucleotides 2853 and 2941 in Figure 5. 

Furthermore, open reading frames in Figure 4 
were translated into amino acids beginning with the 
first methionine in the open reading frame, whereas in 
Figure 5 translation into amino acids was begun 
immediately with the codon following the stop codon. 

1,7. Amino acid sequences of native HIV proteins 

ARV-2 was prepared and purified as described 
in Section 1.1. The viral proteins were electrophoresed 
on an acrylamide gel, and the band corresponding to a 
24,000 dalton or 16,000 dalton protein was excised from 
the gel and used for sequencing. Micro-sequence 
analysis was performed using Applied Biosystems model 
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470A protein sequencer similar to that described by 
Hewick et al. (1981) J. Biol. Chem. 256 ; 7990-7997 . 
Phenylthiohydantoin amino acids were identified by HPLC 
using a Beckman Ultrasphere ODS column and a 
tr if luoroacetic acid-acetonitrile buffer system as 
reported by Hawke et al. (1982) Anal. Biochem. 120:308- 
311. Table 1 shows the first 20 amino acids from the 
amino terminus determined for p25-gag protein and Table 
2 shows the first 30 amino acids for pl6-gag protein. 

TABLE 1: Amino-terminal sequence of p25gag 



Position 



Amino acid 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



Pro 
He 
Val 
Gin 
Asn 
Leu 
Gin 



Gly 



Gin 

Met 

Val 

(His) 

Gin 

Ala 

He 

(Ser) 



Pro 
(Arg, Lys) 



Thr 
(Leu) 
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TABLE 2: Amino-terminal sequence of pl6gag 



Position Amino acid 



X 


V Met ) 


O 
£. 


Villi 


1 
J 


niy 




PI 

vjxy 


b 


Asn 


D 


Pho 


7 


nl y 


Q 
O 


nSIl 




Cjxn 


x u 


Arg 


11 


Lys 


1^ 


Tnr 


X J 


vax 


X 4r 


LiyS 


lb 


\ Cys ; 


X o 


rile 


1 7 
X / 


& c r\ 
noil 


J- o 




19 


Gly 


20 


Lys 


21 


Glu 


22 


Gly 


23 


(His) 


24 


He 


25 


Ala 


26 


(Lys) 


27 


Asn 


28 


(Gly) 


29 


(Arg) 


30 


(Ala, Leu) 



30 



The amino acid sequence of Table 1 is 
predicted by nucleotides 1195 to 1255, and from Table 2 
by nucleotides 1930 to 2120, from the ARV-2 DNA sequence 
(indicated by bars in Figure 4). Therefore/ these 
results confirm that the indicated gag open reading 
frame is in fact being translated and identifies the 
N-termini of p25 and pl6. 
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2. Expression of HIV Polypeptides in Mammalian Cells 
2,1, Expression of env peptide 

5 

2,1.1. Mammalian expression vector pSV-7c 

Plasmid pSV-7c contains the SV40 early 
promoter, origin of replication and polyA processing 
signal, and was constructed as described below. 

10 a 400 bp Bam HI- Hin dlll fragment containing the 

SV40 origin of replication and early promoter was 
obtained by digestion of plasmid pSVgtl (P. Berg, 
Stanford University, Palo Alto, California) and 
purification through gel electrophoresis. A second 240 

15 bp SV40 fragment containing SV40 polyA addition sites 

was obtained by digestion of pSV2/dhfr [Subramani et al. 
(1981) J. Mol. Cell. Biol. 1:854-864] with Bell and 
BamHI, and gel purification. Both fragments were fused 
together through a linker which provided for a Hindi I I 

20 overhang in the 5' -end, a Bel l overhang in the 3' -end, 
three general restriction sites and three successive 
stop codons in all three reading frames. The sequence 
of the polylinker was the following: 



25 



30 



Stop Codons 
1 2 3 

5 ' - AGCTAGATCTCCCGGGTCTAGATAAGTAAT- 3 ' 
TCTAGAGGGCCCAGATCT ATTCATTACTAG 

Hindi I I Bql ll Sma l Xba l Bel l overhang 

The about 670 bp fragment, containing SV40 origin of 
replication, SV40 early promoter, polylinker with stop 
codons and SV40 polyadenylation site, was cloned into 
the BamH I site of pML [Lusky & Botchan, (1984) Cell 
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16:391], a pBR322 derivative with an about 2.5 kbp 
deletion, to yield pSV-6. To eliminate the Eco RI and 
Eco RV sites present in pML sequences of pSV-6, this 
plasmid vas digested with Eco RI and Eco RV, treated with 
Bal31 nuclease to remove about 200 bp per end, religated 
and cloned to yield pSV-7a. The Bal31 resection also 
eliminated one Bam HI restriction site flanking the SV40 
region approximately 200 bp away from the Eco RV site. To 
further eliminate the other Bam HI site flanking the SV40 
region, pSV-7a was digested with Nrul, which cuts in the 
SV40 sequence, and PvuII, which cuts in the pML sequence 
upstream from the origin of replication. The plasmid 
was recircular ized by blunt end ligation and cloned to 
yield pSV-7b. To increase the number of cloning sites 
of pSV-7b, a new polylinker was cloned into the plasmid 
to replace the previous one but the stop codons in the 
three frames were still retained. For this purpose, 
pSV-7b was digested with Stu I and Xba l , and a linker of 
the following sequence was ligated to the vector to 
yield pSV-7c. 

Ball I Eco RI Sma l Kpn l Xba l 

5 ' -AGATCTCGAATTCCCCGGGGGTACCT-3 f 
TCTAGAGCTTAAGGGGCCCCCATGGAGATC 

2.1.2. Transformation of cells with env sequences 
The HIV DNA coding for the env region was 
excised from a recombinant phage XARV-2(7D) [X7D] which 
contains the right half of the provirus by digestion 
with Kpn l and Eco RI and gel purification of about 3300 
bp fragment. This fragment was cloned into plasmid pSV- 
7c as shown in Figure 6. The recombinant vector 
(pSV7c/env) was used to transfect Cos cells [Mellon et 
al. (1981) Cell 27:279] following the procedure of van 
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der Eb & Graham [(1980) Methods in Enzymoloqy 
65:826-839] as modified by Parker and Stark [(1979) 
J, Virol. 31:360369], in 60 mm plastic dishes (5 x 10 5 
cells per dish). Thirty-six hours later the cells were 
transferred to glass microscope slides and cultured for 
another 24 h (5 x 10 4 cells per chamber in a 4-chamber 
Titer-tek slide). The cell sheet was rinsed in PBS and 
fixed by dipping in cold acetone for 5 sec. 

2.1.3. Detecting expression via immunof lorescence 

The fixed-cell monolayers in each chamber were 
incubated with AIDS patient sera (Reference serum EW511 
obtained from Dr. Paul Feorino, Center for Disease 
Control) and with control normal human sera. Both sera 
were diluted 1/100 in PBS and 50 microliters were 
applied per chamber, incubated for 1 h at 37°C, and 
rinsed by dipping in PBS. Fluoresceinated goat 
anti-human antisera (Cappel Labs) was diluted 1/100 in 
PBS and 50 microliters were applied to each chamber and 
incubated for 30 min at 37°C. After washing in PBS, 75% 
glycerol in PBS was added to the cell sheets, a 
coverslip was placed on top, and the cells were observed 
in a fluorescence microscope. About five cells in 100 
showed bright immunofluorescence with the AIDS sera. No 
cells stained with control normal human sera. Cells 
transfected with a control plasmid containing only SV40 
vector sequences did not show any immunofluorescence 
with any antisera. Thus, the EcoRI- Kpn l ARV-2 DNA 
fragment encodes a gene that can be expressed in 
mammalian cells and the expression product detected 
specifically by AIDS patient sera. 
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2,2. Expression of qp!60env 

2.2.1, Mammalian expression vector pSV7d 

pSV7c and pSV7d represent successive 
polylinker replacements. The polylinker in pSV7c was 
digested with Bql II and Xba l , and then ligated with the 
following linker to yield pSV7d: 

Ball I EcoRI Sma l Xba l BamHI Sai l 

5 1 -GATCTCGAATTCCCCGGGTCTAGAGGATCCGTCGAC 

AGCTTAAGGGGCCCAGATCTCCTAGGCACGTGGATC 

2.2.2. Expression of tPA/qp!60 

In order to achieve optimal secretion of gpl60 
from mammalian tissue culture cells, the 5' end of the 
coding sequence was modified to accept a heterologous 
signal sequence known to direct efficient secretion of 
both the homologous gene (human tissue plasminogen 
activator) and deletion variants of this gene, van 
Zonnefeld et al. (1986) Proc. Natl. Acad. Sci. USA 
83:«70. 

A portion of the HIV env gene was excised with 
SacI and Stu I (positions 5555 and 6395) and was 
subcloned into the vector M13mpl9 [ Yanisch-Perron et al. 
(1985) Gene 33:103-109] between Sac I and Sma l . 
Oligonucleotide-directed mutagenesis [Zoller et al. 
(1983) Methods in Enzymoloqy 100 : 468-500 3 was used to 
create an Nhe l site at the junction of the natural 
signal peptide and the mature envelope polypeptide using 
the following oligonucleotide: 

5 • -GATGATCTGTTCAGCTAGCGAAAAATTGTGG- 3 1 



2300013701 



-48- 



2300-0137 
^0 PATENT 



This mutagenesis changes cytosine-5867 to 
guanine and adenine-5868 to cytosine, thereby creating 
an Nhel site and altering the codon for threonine-30 to 
code for serine. 

In parallel, the tPA gene was likewise 
mutagenized in M13 to place an Nhe l site near the 
carboxyl end of the tPA signal peptide. The following 
sequences show the 5' UT sequences and signal for wild 
type tPA leader and for the Nhe l variant. 

Wild-type sequence of the tPA signal: 

5' untranslated sequences 

AGAGCTGAGATCCTACAGGAGTCCAGGGCTGGAGAGAAAACCTCTGCGAGGAAA 

GCAAGCCGTGAATTTAAGGGACGCTGTGAAGCAATCATGGATGCAATGAA 

MetAspAlaMetLysArgGlyLeu 

TGCTGTGTGCTGCTGCTGTGTGGAGCAGTCTTCGTTTC 

CysCysValLeuLeuLeuCysGlyAlaValPheValSerProSerGlnGluIleHisAla 

mature tPA 
CGATTCAGAAGAGGAGCCAGA TCTTACCAAGTG 
ArgPheArgArgGlyAlaArg SerTyrGlnVal 

The Nhe l variant of the tPA signal: 

5' untranslated sequences 

AGAGCTGAGATCCTACAGGAGTCCAGGGCTGGAGAGAAAA 

GCAAGCCGTGAATTTAAGGGACGCTGTGAAGCAATCATGGA 

MetAspAlaMetLysArgGlyLeu 

TGCTGTGTGCTGCTGCTGTGTGGAGCAGTCTTC 

CysCysValLeuLeuLeuCysGlyAlaValPheValSerProSerAlaSer 

Following mutagenesis and sequence 
verification, a 174 bp fragment containing 99 bp of 5' 
untranslated sequence and the signal sequence from tPA 
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was excised from the tPA-containing M13 clone using Sai l 
and Nhel and fused to the 559 bp fragment containing the 
5' end of the env gene which was excised from the env- 
5 containing M13 clone with Nhel and Hindlll (contributed 
by the M13 polylinker) and these fragments were 
subcloned into M13mpl8 between Sail and Hindlll. This 
plasmid is called M13tpaS.NheIenv. 

The DNA and amino acid sequences of the tPA 
10 signal fused to the 5' end of gpl60 is: 

...tPA signal... 58.69 (amino acid 31 of env) 

Phe Val Ser Pro Ser Ala Ser Glu Lys Leu Trp Val Thr Val 
TTC GTT TCG CCC AGC GCT AGC GAA AAA TTG TGG GTC ACA GTT 

Nhe l 

15 

From this M13 subclone, M13tpaS.NheIenv, the 
DNA fragment containing the heterologous signal and 5' 
untranslated sequences fused to the 5' end of the env 
gene was excised using the Xba l site from the M13 

20 polylinker and the unique Nde l site found at position 
5954 in the env gene. This 268 bp fragment was ligated 
with a 2506 bp Nde l -Xho l fragment, encoding the 
remainder of the env gene, from Nde l at position 5954 
through the stop codon at position 8344, and 116 

25 additional bases to the Xho l site at position 8460 and 
at the same time with vector pSV7d cleaved with Xba l and 
Sai l in order to generate a fully functional gpl60 gene 
in the proper orientation for expression from the SV40 
early promoter. This expression plasmid, called 

30 pSV7dARV160tpa, was used to transfect COS 7 cells as 
described by Sompayrac et al. (1981) Proc. Natl. Acad. 
Sci. USA 78:7575. Transfected cells were assayed for 
gpl60 expression by immunofluorescence as described in 
Section 2.1.3 above. Approximately 5% of the cells 
showed bright fluorescence when exposed to the HIV 
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infected human sera, and no cells stained with normal 
human serum. Positive sera employed were obtained from 
the Interstate Blood Bank. 

Permanent cell lines were obtained by 
transfection of CHO cells lacking dihydrof olate 
reductase (dhfr). CHO dhfr" cells [Urlaub et al. (1980) 
Proc. Natl. Acad. Sci. USA 72:4216] were plated at a 
density of 5 x 10 5 to 10 6 cells per 10 cm dish the day 
prior to transfection in nutrient medium (F12 
supplemented with 1.18 mg/ml Na2CC>3, 292 ug/ml 
glutamine, 110 ug/ml sodium pyruvate, 100 U/ml 
penicillin, 100 U/ml streptomycin, 150 ug/ml proline and 
10% fetal calf serum). Cells were transfected using the 
calcium phosphate coprecipi tation method described by 
Graham et al. (1973) Virology 52:456-467 with the gpl60 
expression plasmid, pSV7dARV160tpa; a plasmid bearing as 
a selectable marker, a dhfr gene driven by the 
adenovirus major late promoter, pAD-dhfr; and a plasmid 
bearing the human tissue plasminogen activator gene 
driven by the SV40 early promoter, pSV7tpa3, to serve as 
an easily screened gene marker. Plasmid pSV7tpa3 is a 
mammalian cell expression vector containing the full 
length tpa cDNA (with 99 bp 5' untranslated sequences) 
cloned into the Sail site of pSV7d, with the orientation 
such that the proper reading frame is transcribed from 
the SV40 early promoter. 

Samples were added to the dishes of cells fed 
with fresh medium and allowed to settle for 6h in an 
incubator (5% CO2, 95% air) at 37 °C. Six hours later, 
the supernatants were aspirated, the cells rinsed gently 
with calcium and magnesium-free phosphate buffered 
saline (PBS-CMF), and the dishes exposed to 15% glycerol 
in HEPES-buf f ered saline as an adjuvant for 3.5 to 4 
min. After rinsing, the medium on the cells was 
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replaced with fresh F12 as described. Forty-eight hours 
after the addition of DNA to the cells, the cells were 
trypsinized and split 1:20 into selective medium, 
Dulbecco's Modified Eagle Medium ( DMEM ) supplemented 
with 4.5 mg/ml glucose, 3.7 mg/ml Na2CC>3, 292 ug/ml 
glutamine, 110 ug/ml sodium pyruvate, 100 U/ml 
penicillin,. 100 U/ml streptomycin, 150 ug/ml proline, 
and 10% dialyzed fetal calf serum. After growth in 
selective medium for 1-2 weeks, colonies appeared. These 
colonies were assayed for production of tPA by the 
casein-plasminogen-agar overlay assay. Granelli-Piperno 
et al. (1978) J. Exp. Med. 148:223-234. Individual 
clones were transferred to microwell plates and expanded 
to T75 flasks. Twenty-four cell lines that were the 
highest tPA producers were screened by 

immunofluorescence for gpl60 expression as described for 
COS cells above and in Section 2.1.3. Of these, seven 
lines fluoresced brightly when reacted with HIV-positive 
serum. These seven gpl60-posit ive lines were pooled by 
mixing equal numbers of each cell line and plating in 10 
cm dishes at a cell density of 1 x 10 5 cells per dish. 
Replicate dishes were fed with DMEM supplemented as 
described above with the addition of varying amounts of 
methotrexate (amethopterin, Sigma): 0.01, 0.02, 0.05, 
0.1 and 0.2 micromolar. After growth in the 
amplification medium containing methotrexate for 2 to 3 
weeks, colonies appeared on the 0.1 and 0.2 micromolar 
methotrexate dishes. These colonies were transferred to 
microwell plates and expanded to T75 flasks. 

Clones were screened and scored for increased 
tPA production. Lysates of the cells were prepared in 
order to examine any gpl60 expressed and found in the 
cell membranes, as is found in HIV infected human 
lymphocytic lines. Lysates were prepared from cell 
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monolayers by rinsing in cold PBS-CMF and adding lysis 
buffer consisting of 100 mM NaCI, 20 mM Tris pH 7.5, 1 
mM EDTA, 0.5% NP40, 0.5% sodium deoxycholate , 1% BSA, 1 
ug/ml pepstatin, 1 mM PMSF, and 17 ug/ml aprotinin. 
Lysates were collected, incubated on ice for 10 min with 
occasional vortexing, spun 5 min at 14000 x g in a 
microcentrifuge, and supernatants transferred to new 
tubes for storage at -70°C. These samples were assayed 
by an EL ISA specific for envH derived from yeast (see 
Sections 4.1.2 and 4.1.5). 

Immunoblot analysis was done by standard 
Western transfer of proteins from 8% denaturing gels 
[Laemmli (1970) Nature 227:680-685] and analysis with 
human immune sera or mouse monoclonal antibodies raised 
against yeast-expressed envH and env-2 (see Sections 
4.1.2 and 4.1.5). The blocking solution is 0.3% 
Tween-20, 2% normal goat serum in phosphate buffered 
saline, and all incubations and washes were done in this 
solution. The human imune sera (Interstate Blood Bank) 
were diluted 1:100, and Tago goat anti-human horse 
radish peroxidase (HRP) conjugate was diluted 1:250. 
Development was with 4-chloro-l-napthol (BioRad). Mouse 
monoclonal antibody 98B3 [Stephans et al., in Viruses 
and Human Cancer , pp. 29-41 (R.C. Gallo et al., eds., 
1987)] was used undiluted as ascites fluid or diluted to 
50 ug/ml from a stock of ammonium sulfate purified 1 g. 
Goat anti-mouse HRP conjugate (Tago) was diluted 1:200. 

EL ISA analysis was done using the cellular 
lysates. Plates were coated with mouse monoclonal IgM 
antibody 95C9 [Stephans et al., supra ] at a 
concentration of 250 ng per 100 microliters per well in 
PBS. After 2h at 37°C or overnight at 4°C, the plates 
were washed 6 times in wash buffer (0.137 M NaCI, 0.05% 
Triton X-100) and the samples added to the wells in 
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casein diluent (100 mM sodium phosphate, 0.1% casein, 1 
mM EDTA, 1% Triton X-100, 0.5 M NaCI, 0.01% thimerosol 
pH7.5), and plates were incubated overnight at 4°C and 
4h at 37. Samples were aspirated, then plates were 
washed 6 times as above. Rabbit anti-env-2 polyclonal 
serum [Barr et al. (1987) Vaccine 5:90-101] is diluted 
1:100 in the diluent above and added to the plates (100 
microliters per well). Plates were incubated for Ih at 
37°C, and then aspirated and washed as described above. 
Goat anti-rabbit HRP conjugate (Tago) was diluted 1:1000 
in the diluent buffer, and 100 microliters were added to 
each well. Plates were incubated lh at 37. Samples were 
aspirated and the plates were washed as described above. 
Plates were developed with ABTS color reagent and H2O2 
for 30 min at 37. ABTS was dissolved in citrate buffer 
and 100 microliters per well were added to the plate. 
The reaction was stopped by adding 50 ul per well 10% 
SDS, and the plates were read at 415 nm, 600 nm 
reference beam. Env-2 was used as a standard using 
serial 2-fold dilutions starting with 100 ng/ml to 11 
places. 



were amplified in a pool in methotrexate as described 
above, except that after isolation of colonies from the 
first round of amplification, cells were again pooled 
and set up for a consecutive round of amplification. 
For the first round, methotrexate levels were 0.25, 0.5, 
0.75, 1.0, 1.25, and 1.75 micromolar. Colonies from the 
0.5 and 0.75 micromolar dishes were pooled and set up in 
0.75, 1.0, 2.0, 3.0, 4.0, and 5 micromolar. Clones were 
isolated from 3, 4, and 5 micromolar levels, expanded 
and assayed for gpl60 production by the ELISA. Increases 
in expression were observed for these clones as compared 
to the clones grown in 0.1 and 0.2 micromolar 



Six CHO clones positive by the ELISA assay 
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methotrexate, and this expression level represents an 
improvement over the levels of gpl60 in HIV-infected HUT 
cells. 

2.3 Expression of qp!20env 

2.3.1. Expression of engineered qpl20 in pS7Vd 

In order to express a secreted form of the 
envelope polypeptide in mammalian cells, the env gene 
was modified by _in vitro mutagenesis to eliminate any 
potential transmembrane domains and to provide a stop 
codon following the processing, site between the gpl20 
and gp41 domains of the gpl60 protein. This mutagenesis 
was accomplished by subcloning the fragment which 
encodes the env gene from clone pSV7c/env (Section 
2.1.2.) by excising with Hin dlll and Xho l (positions 
5582 to 8460) and inserting the 2.8 kb fragment into M13 
mpl9 previously digested with Hindi I I and Sail. A 37 bp 
oligonucleotide of the following sequence was used to 
alter the sequence at the gpl20/gp41 processing site at 
position 7306 to encode 2 stop codons and two 
restriction endonuclease sites. 

5 ' -GAACATAGCTGTCGACAAGCTTCATCATCTTTTTTCT-3 ' 



The sequence of the wild- type gene and the 
mutant are shown below: 



Wild-type sequence: 



Processing site 



Position: 7288 7294 7300 7318 
Amino acid: Val Gin Arg Glu Lys Arg Ala Val Gly He Val 
DNA: GTG CAG AGA GAA AAA AGA GCA GTG GGA ATA GTA 
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gpl20 mutant: 

Position: 7288 7294 7300 7306 7317 
Amino acid: Val Gin Arg Glu Lys Arg OP OP 

DNA: GTG CAG AGA GAA AAA AGA TGA TGA AGC TTG TCG AC 
Restriction site: Hindi I I Sail 

Following mutagenesis, the gene was engineered 
for optimal secretion into the medium utilizing the same 
procedure that was used for gpl60. The 268 bp Xbal-Ndel 
fragment containing the heterologous 5' untranslated 
sequences and signal sequences from human tPA fused to 
the 5' end of env was excised from the M13 clone 
M13tpaS.NheIenv described in Section 2.2.2. This 
fragment was ligated with a 1363 bp Ndel-Sall fragment 
encoding the remainder of the gpl20 coding region which 
was isolated from the gpl20 mutant (positions 5954 and 
7317) described above, and both fragments were inserted 
into the vector pSV7d previously digested with Xbal and 
Sai l . 

This plasmid, pSV7dARV120tpa, has a gene 
encoding gpl20 that ends precisely at the processing 
site between gpl20 and gp41, Arginine-509, expressed 
from the SV40 early promoter. Plasmid pSV7dARV120 was 
used to transfect COS7 cells as described in Section 
2.2.2. Transfected cells were assayed for expression 
and secretion of gpl20 into the culture medium by 
immunoblot analysis of conditioned cell medium from the 
transfected cells. Immunoblot analysis was done using 
both HIV-positive human serum and mouse monoclonal 
antibodies described in Section 2.2.2. Using both 
antibody sources, the gpl20 transfected cells secreted 
into the medium a polypeptide of the size of gpl20 that 
reacted with these immunological reagents, while mock 
transfected or pSV7dARV160tpa transfected COS cell 
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supernatants showed no such polypeptide. These results 
are consistent with the production of authentic gpl20 in 
COS cells. 

5 

2.3.2. Expression of qp!20env using CMV IE-1 promoter 
In an effort to improve the expression of 
gpl20 in COS and other mammalian cell types, the gpl20 
coding region was excised from pSV7dARV120tpa using Sai l 

0 and inserted into the unique Sai l site of the CMV IE-1 
expression vector pCMV6a (described below) and screened 
for insertion in the proper orientation for expression 
from the CMV IE-1 promoter. The resulting plasmid, 
pCMV6ARV120tpa, was used to trans feet COS 7 cells as 

5 described in Sections 2.2.2. and 2.3.1. The conditioned 
cell medium from the transfected cells was assayed by 
immunoblot and by EL ISA, as described in Sections 
2. 2. 2. and 2.3.1. The CMV6ARVl20tpa-transf ected cells 
expressed gpl20 at levels of 60-250 ng/ml and the 

0 pSV7ARV120tpa-transf ected cells expressed less than 0.5 
ng/ml. These results indicate a significant increase in 
expression of the gpl20 polypeptide using the CMV 
expression plasmid relative to the SV40 expression 
plasmid described in Section 2.3.1, 50 to 100-fold in 

5 magnitude as measured by the ELISA. 

Plasmid pCMV6a is a mammalian cell expression 
vector which contains the transcriptional regulatory 
region from human cytomegalovirus immediate early 
region, HCMV IE1. The plasmid contains the SV40 

q polyadenylation region derived from pSV7d (Section 

2.2,1.) as a 700 bp Pvul- Sal l fragment; the SV40 origin 
of replication derived for pSVT2 [Meyers et al. (1981) 
Cell 25:373-384; Rio et al. (1983) Cell 32:1227-1240] as 
a 1.4 kb PvuI-EcoRI (filled in with Klenow fragment); 
and the HCMV IE1 promoter as a 1.7 kbp Ssp l -Sal l 
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fragment derived from a subclone of the human 
cytomegalovirus . (Towne strain). The HCMV IE1 promoter 
region contains the region encoding the first exon (5 1 
untranslated), the first intron and the start of the 
second exon (where the Sai l site was created by in vitro 
mutagenesis). The map of pCMV6a is shown in Figure 29. 

2.4. Expression of gag peptides 

The ARV-2 DNA coding for the gag region was 
excised from a recombinant phage (7A; Fig. 3) by 
digestion with Kpn l and Sac I and gel purification of a 
fragment of about 3200 bp. This gag containing fragment 
was cloned into Kpn l and Sac I digested pSV-7c/envAES 
(described below) to yield pSV-7c/gag. The recombinant 
vector was used to transfect Cos cells. Expression of 
gag protein was detected as previously described for the 
env protein (Section 2.1). About 5 percent of the cells 
transfected with SV40 vector containing the ARV-2 gag 
fragment showed bright immunofluorescence when incubated 
with the AIDS sera and a second fluoresceinated goat 
anti-human antisera. Cells transfected with a control 
plasmid containing only SV40 vector sequences did not 
show any immunofluorescence with any antisera. 

Plasmid pSV-7c/envAES was constructed as 
follows: Plasmid pSV-7c/env (described in section 
2.1.2) was digested with Eco RI and Sac I . A linker of 
the following sequence, which regenerates both the Eco RI 
and Sac I sites and provides for a BamH I site between 
them was ligated to the linearized vector. 

AATTCGGATCCGAGCT 
GCCGAGGC 
Eco RI BamH I Sac I 
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This vector was digested with Kpn l and SacI , the 
fragment corresponding to linearized plasmid was 
purified by gel electrophoresis and ligated to the 3200 
5 bp Kpn I- Sac I fragment containing the gag region. 

2.5 Expression of qaq-env f usion^protein 

A mammalian cell expression vector containing 
a fused sequence of nt 225 to nt 1650 encoding for a gag 

10 region and nt 5957 to nt 8582 for an env region (Fig. 5) 
was constructed as follows. Plasmid pSV-7c/gag 
(described in Section 2.4) was digested with Bql ll . The 
overhangs were filled in with reverse transcriptase, and 
the resulting two fragments were subsequently digested 

15 with Sac I . The 1390 SacI- BqI II bp fragment coding for 
gag was purified by gel electrophoresis and cloned into 
pSV-7c/env (Section 2.1.2) prepared as follows. 

Vector pSV-7c/env was digested with Ndel which 
cuts 59 codons downstream from the N-terminal ATG of 

20 env. Ends were filled in with reverse transcriptase and 
the linearized vector was digested with Sac I . The Sac I- 
Nde l vector fragment was purified by gel electrophoresis 
and ligated to the gag fragment obtained as indicated 
above. The ligation mixture was used to transform 

25 HB101, and plasmid pSV-7c/gagAenv was thus obtained. 

Plasmid pSV-7c/gagAenv was used to transform 
Cos cells using the procedure described in Section 2.1.2 
above* Expression was detected by immunofluorescence 
using an AIDS patient serum and following the procedure 

30 described previously (Section 2.1.3). About 5 cells in 
100 showed bright immunofluorescence with the immune 
serum. No cells stained with control normal human 
serum. 
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3. Expression of HIV Polypeptide s in Bacteria 
3.1/ Expression of p25qaq 

5 

3.1.1. Host-vector system 

The p25gag protein is synthesized by E. coli 
strain D1210 transformed with plasmid pGAG25-10. 
Plasmid pGAG25-10 is a pBR322 derivative which contains 

10 the sequence coding for p25gag under transcriptional 

control of a hybrid tac promoter [De Boer et al. (1983) 
Proc. Natl. Acad. Sci. USA 80:21-25] derived from 
sequences of the trp and the lac UV5 promoters. 
Expression of p25gag is induced in bacterial 

15 transformants with isopropylthiogalactoside (IPTG). 

E. coli D1210, a lac-repressor overproducing 
strain, carries the lacl^ and. lacY + alleles on the 
chromosome but otherwise is identical to E. coli HB101 
(F~ lacl + , lacO + , lacZ + , lacY", gal", pro", leu", thi", 

20 end", hsm", hsr", recA", rpsL") from which it was 
derived. 

3.1.2. Construction of PGAG25-10 . 

Plasmid pGAG25-10 was constructed by cloning a 
25 699 bp DNA fragment coding for p25gag into plasmid 

ptac5, according to the scheme shown in Figure 7. The 
vector ptac5 is a pBR322 derivative which contains the 
tac promoter, Shine Delgarno sequences, and a polylinker 
as a substitution of the original pBR322 sequences 
30 comprised between the EcoRI and PyuII restriction sites. 

The 699 bp DNA fragment codes for the complete 
p25gag protein (amino acid residues 136 to 365 as 
numbered in Figure 5), the only difference being that a 
methionine was added as the first amino acid in 
PGAG25-10 to allow for translational initiation. This 
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change, as well as other changes in nucleotide sequence 
as indicated below, were achieved by using chemical 
synthesis of parts of the DNA fragment. The DNA 
5 fragment also includes two stop codons at the 3' end of 
the sequence. 

Figure 8 shows the nucleotide sequence cloned 
in pGAG25-10 and the amino acid sequence derived from 
it. DNA sequences that are not underlined in the figure 

10 were derived directly from the XARV-2(9B) DNA. All 

other sequences were chemically synthesized or derived 
from vector ptacS. Changes were introduced in this DNA 
sequence, with respect to the original DNA, to create or 
delete restriction sites, to add a methionine prior to 

15 the isoleucine (second residue of p25) or to include 

stop codons after the last codon of p25gag. However, as 
previously indicated, all changes in the DNA sequence, 
except those in the first codon, do not alter the amino 
acid sequence of p25gag. 

20 

3.1.3. Transformation and expression of gag peptide 
E. coli D1210 cells are made competent for 
transformation following a standard protocol [Cohen et 
al. (1982) Proc. Natl. Acad. Sci. USA 69:2110]. 
25 Transformation is performed as indicated in the protocol 
with 25-50 ng of pGAG25-10. The transformation mix is 
plated on agar plates made in L-Broth containing 100 
ug/ml ampicillin. Plates are incubated for 12 h at 
37°C. 

3 q Single ampicillin resistant colonies are 

transferred into 1 ml L-Broth containing 100 yg/ml 
ampicillin and grown at 37°C. Expression of p25gag 
protein is induced by adding 10 yl of 100 mM IPTG 
(Sigma) to a final concentration of 1 mM followed by 
incubation at 37°C for 2 h. 
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Cells from 1 ml of induced cultures are 
pelleted and resuspended in 100 \xl Laemmli sample 
buffer. After 3 cycles of boiling and freezing, 
5 portions of resultant lysates are analyzed on standard 
denaturing acrylamide gels. Proteins are visualized by 
staining with Coomassie blue. 

The extent of expression is initially 
determined by appearance of new protein bands for 
10 induced candidate samples compared with control. 

Proteins of molecular weights expected for the genes 
expressed comprised 2%-5% of total cell protein in the 
highest expressing recombinants as determined by visual 
inspection with reference to a standard protein of known 
15 amount. 

Authenticity of the expressed proteins is 
determined by standard Western transfer of proteins to 
nitrocellulose and analysis with appropriate human or 
rabbit immune sera or mouse monoclonal antibodies or by 
20 comparing ELISA assays of purified recombinant and 
natural proteins using human immune sera from AIDS 
patients (see Section 3.1.6). 

3.1.4. Fermentation process 

25 

3.1.4.1. Preparation of master seed stock 

Transformant cells from a culture expressing 
high levels (3%) of p25gag are streaked onto an L-Broth 
plate containing 100 yg/ml ampicillin and the plate is 
30 incubated overnight at 37°C. A single colony is 

inoculated into 10 ml of L-Broth, 100 \xq/ml ampicillin 
and grown overnight at 37 °C. An aliquot is used to 
verify plasmid structure by restriction mapping with 
Sai l and Pstl. A second aliquot is used to induce 
expression of p25gag and the rest of the culture is made 
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15% glycerol by adding 1/4 volume of 75% sterile 
glycerol. Glycerol cell stocks are aliquoted in 1 ml 
and quickly frozen in liquid nitrogen or dry-ice ethanol 
bath. These master seed stocks are stored at -70°C. 



3.1.4.2. Fermenter inoculum 

The master seed stock is scraped with a 
sterile applicator which is used to streak an L-Broth 
plate containing 100 yg/ml ampicillin. Single colonies 
from this plate are used to inoculate 20-50 ml of 
L-Broth/amp, which is incubated at 37°C overnight. 

An aliquot of the overnight culture is used to 
inoculate larger volumes (1-6 liters) of L-Broth/amp. 
Cells are incubated at 37°C overnight and" reach an 
O.D.65Q of approximately 5 prior to use as inoculum for 
the fermenter run. 

3.1.4.3. Fermentation and harvest 

Fermenters (capacity: 16 liters) containing 10 
1 of L-Broth and 1 ml of antifoam are inoculated with 
100-500 ml from the inoculum culture. Cells are grown 
at 37°C to an O.D. of about 1. Expression of p25gag is 
induced by addition of 100 ml of an IPTG solution (100 
mM) to yield a 1 mM final concentration in the 
fermenter. Cells are grown for 3 additional hours and 
subsequently harvested using continuous flow 
centrifugation. At this step cells may be frozen and 
kept at -20°C until purification of p25gag proceeds. 
Alternatively, 250 1 fermenters are inoculated with 
1-5 1 from the inoculum culture. Growth, induction, and 
harvest are as indicated before. 
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3.1.5, Purification of p25qaq 

Frozen E. coli cells are thawed and suspended 
in 2.5 volumes of lysis buffer (0.1M sodium phosphate 
5 (NaPi), pH 7.5, 1 mM EDTA, 0.1 M NaCl). Cells are 

broken in a non-continuous system using a 300 ml glass 
unit of a Dyno-mill at 3000 rpm and 140 ml of acid- 
washed glass beads for 15 min. The jacketed chamber is 
kept cool by a -20°C ethylene glycol solution. Broken 

10 cells are centrifuged at 27,000 x g for 25 minutes to 
remove debris and glass beads. The supernatant is 
recovered and kept at 4°C. 

The cell extract is made 30% (NH4>2S04 by 
slowly adding the ammonium sulfate at 4°C. The extract 

^5 is stirred for 10 min after the final concentration is 
achieved, followed by contr if ugat ion at 27,000 x g for 
20 min. The pellet is resuspended in 1 M NaCl, 1 mM 
EDTA, 1% Triton X-100, and 5% SDS, and then boiled for 5 
min. 

20 The fraction obtained by selective 

precipitation is submitted to gel filtration using a G50 
Sephadex column equilibrated in 0.03 M NaPi, pH 6.8. 
Chromatography is developed in the same solution. 
Fractions are collected and absorbance at 280 nm is 

25 determined. Protein-containing fractions are pooled and 
characterized by protein gel electrophoresis , JWestern 
analysis, and EL ISA. 

3.1.6. Characterization of recombinant p25qaq 

30 

3.1.6.1. Protein gel electrophoresis 

SDS-polyacrylamide gel analysis (10%-20% 
gradient gels) of proteins from pGAG25-containing cells 
and control cells indicated that varying levels of a 
protein of a molecular weight of about 25,000 were 
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specifically induced in cells containing p25gag 
expression plasmids after derepression of the tad 
promoter with IPTG. Identity of the p25gag gene product 
was confirmed by both an enzyme-linked immunosorbent 
assay (EL ISA; see Section 3.1.6.3) and Western 
immunoblot analysis (see Section 3.1.6.2) using both 
AIDS patient serum and a monoclonal antibody to viral 
p25gag. 

3.1.6.2. Western analysis 

Samples were electrophoresed under denaturing 
conditions on a 10%-20% polyacrylamide gradient gel. 
Samples were electroblotted onto nitrocellulose. The 
nitrocellulose paper was washed with a 1:250 dilution of 
AIDS patient reference serum (EW5111, obtained from P. 
i -"Eeorinot Centers for Disease Control, Atlanta, Georgia) 
and then with a 1:500 dilution of HRP-conjugated goat 
antiserum to human immunoglobulin (Cappel, No. 3201- 
0081). Alternatively, the nitrocellulose was washed 
with undiluted culture supernatant from 76C, a murine 
monoclonal antibody to HIV-1 p25gag, and then with a 
1:500 dilution of HRP-conjugated goat antiserum to mouse 
immunoglobulin (TAGO, No. 6450). The substrate for 
immunoblots was HRP color development reagent containing 
4-chloro-l-naphthol. 

The p25gag protein reacted with both AIDS 
patient reference serum and with the monoclonal 
antibody, while it shows no reactivity with the non- 
immune serum. 

3.1.6.3. EL ISA comparison of recombinant and native 
p25qaq 

The reactivity of sera with the purified 
p25gag (recombinant and native) r was assayed by coating 
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wells of microtiter plates with 0.25 ug/ml of purified 
antigen, adding dilutions of test sera, followed by a 
1:1000 dilution of HRP-conjugated goat antiserum to 
human immunoglobulin. Finally, the wells received 
substrate solution (150 pg/ml 2 , 2' -azino-di-[3- 
ethylbenzyl-thiazoline sulfonic acid], 0.001% H2O2, 0.1 
M citrate pH 4). The reaction was stopped after 
incubation for 30 min at 37°C by the addition of 50 
jjl/well of 10% SDS. The absorbance was read on a Flow 
Titertech EL ISA reader at 414 nm. Samples were assayed 
in duplicate beginning at a dilution of 1:100 and by 
serial 2-fold dilutions thereafter. 

As an example, a single sample of HIV 
antibody-positive serum and normal human serum were each 
titrated on both recombinant and native p25gag. The 
antibody-positive serum reacted equally with viral and 
recombinant antigen. There was no reaction seen with 
serum from a normal individual. 

The reactivity of purified recombinant p25gag 
to various sera was then compared to that of natural 
p25gag protein purified by preparative polyacrylamide 
gel electrophoresis in an EL ISA assay. For comparisons, 
assays were also done using disrupted gradient purified 
virus (5 yg/ml) as antigen. The table below summarizes 
the results of assays on 8 AIDS sera that scored 
positive in the assay with disrupted virus and 6 normal 
sera that were negative in the disrupted virus assay. 



30 
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SERUM 
NUMBER 



EL ISA ASSAY TITER 3 



Disrupted Virus Recomb. p25qaq Viral p25qaq 



Group I: Sera Scoring As Positive in Virus ELI SA 





1 


51,200 


3,125 


3,125 


10 


5 


12,800 


25 


25 




6 


12,800 


625 


625 




7 


12,800 


3,125 


3,125 




8 


25,600 


15,625 


15,625 




9 


12,800 


625 


625 


15 


13 


800 


125 


125 




18 


3,200 


625 


625 




GroupII: Sera 


Scorinq 


Negative in Virus 


ELISA b 



20 



25 



15 
16 
19 
21 
26 
33 



-c 



30 



a. 



b. 



Reported as the reciprocal of the serum dilution 
that gave a signal equivalent to 50% of the maximum. 
Results were confirmed by immunofluorescence and im- 
munoblotting as described previously. 
No detectable signal at a 1:25 serum dilution. 
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These results show that p25gag purified from 
^bacteria behaves identically to similarly purified 
p25gag from AIDS virus in an EL ISA of the eight AIDS 
patient sera. The results of the EL ISA show that there 
is a wide variation in the levels of anti-p25gag 
antibodies and suggests that antibodies to some virus- 
encoded proteins may not be detected using conventional 
virus-based assay systems. 

3.2. Expression of p!6qaq 

The sequence shown in Figure 10 and coding for 
the pl6gag protein was chemically synthesized [Warner et 
al. (1984) DNA 3:401] using yeast-preferred codons. The 
blunt-end to Sai l fragment (381 bp) was cloned into 
Pvu II- Sal l digested and gel-isolated ptacS (see Section 
3.1). The resulting plasmid, pGAG16 f was used to 
transform E. coli D1210 cells, as in Section 3.1.3. 
Expression was induced with IPTG, and proteins were 
analyzed by polyacrylamide gel electrophoresis and 
Western analysis. A band of about 16,000 daltons was 
induced by IPTG in the transformed cells. This protein 
showed reactivity in Western blots with immune sera from 
AIDS patients. No reactivity was observed with sera from 
normal individuals. 

3.3 Expression of fusion protein p41qaq 



proteins of ARV-2, designated p41gag r was synthesized in 
E. coli strain D1210 transformed with plasmid pGAG41-10. 
pGAG41-10 was constructed from plasmid pGAG2 5-10 (see 
Section 3.1.2) as shown in Figure 7 by inserting an 
Sph l- Hpa l fragment from the ARV-2 genome containing the 
sequences from the C-terminal pl6gag portion of the 
p53gag precursor polyprotein and part of the p25gag 



A fusion protein of the p25gag and pl6gag 
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protein between the Sph I and Bam HI sites of pGAG25-10. 
The coding strand of the DNA sequence cloned in pGAG41- 
10 is shown in Figure 9. Transformation and induction 
of expression were effected by the procedures described 
above. The cells were treated and the p41gag protein 
was visualized on Coomass ie-stained gel as described 
above. The approximate molecular weight of the observed 
protein was 41,000 daltons. The protein reacted with 
AIDS sera and monoclonal antibody to p25gag in Western 
and EL ISA analyses carried out as above. 

3.4. Expression of p31pol 

3.4.1. Host-vector system 

The C-terminal region of the polymerase gene 
(p31pol)'- is synthesized by E. coli strain D1210 
transformed with plasmid pTP31.2. Plasmid pTP31.2 is a 
pBR322 derivation which contains the sequence coding for 
p31 under transcriptional control of the hybrid tac 
promoter (described in Section 3.1). Expression of p31 
is induced in bacterial transf ormants by IPTG. 

3.4.2. Construction of PTP31.2 

3.4.2.1. Construction of M13 template 01100484 

A 4.87 kb DNA fragment was isolated from a 
Kpn l digest of ARV-2 (9b) containing the 3' end of the 
pol gene, orf-1, env and the 5' end of orf-2, that had 
been run on a 1% low melting point agarose (Sea-Pack) 
gel and extracted with phenol at 65°C, precipitated with 
100% ethanol and resuspended in TE. Eight ul of this 
material were further digested with Sst I for 1 h at 37°,C 
in a final volume of 10 ul. After heat inactivation of 
the enzyme, 1.25 ul of this digest were ligated to 20 ng 
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of M13mpl9 previously cut with Kpn l and Sst I , in the 
presence of ATP and in a final volume of 20 ul. The 
reaction was allowed to proceed for 2 h at room 
temperature. Five ul of this mixture were used to 
transform competent E. coli JM101. Clear plaques were 
grown and single-stranded DNA was prepared as described 
in Messing & Vieira, (1982) Gene 19:269-276. One of 
these plaques containing the 1848 bp fragment was 
designated 01100484. 

3.4.2.2. In vitro mutagenesis of 01100484 

The DNA sequence in 01100484 was altered by 
site-specific mutagenesis to generate a restriction site 
recognized by Ncol (CCATGG). An oligodeoxynucleot ide 
that substitutes the A for a C at position 3845 (Figure 
5 ) j and5 changes* a T for an A at position 3851 (Figure 5) 
was synthesized using solid phase phosphoramidite 
chemistry. Both of these changes are silent in terms of 
the amino acid sequence, and the second one was 
introduced to decrease the stability of the heterologous 
molecules. The oligomer was named ARV-216 and has the 
s equence : 5 ' -TTAAAATCACTTGCCATGGCTCTCCAATTACTG and 
corresponds to the noncoding strand since the M13 
derivative template 01100484 is single-stranded and 
contains the coding strand. The 5 f phosphorylated 
oligomer was annealed to the 01100484 M13 template at 
55°C in the presence of M13 sequencing primer, 50 mM 
Tris-HCl pH 8, 20 mM KC1, 7 mM MgCl2 and 0.1 mM EDTA. 
The polymerization reaction was done in i00 ul 
containing 50 ng/ul DNA duplex, 150 uM dNTPs, 1 mM ATP, 
33 mM Tris-acetate pH 7.8, 66 mM potassium acetate, 10 
mM magnesium acetate, 5 mM DTT, 12.5 units of T4 
polymerase, 100 ug/ml T4 gene 32 protein and 5 units of 
T4 DNA ligase. The reaction was incubated at 30 °C for 
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30 min and was stopped by the addition of EDTA and SDS 
(10 mM and 0.2% respectively, final concentration). 

Competent JM101 E. coli cells were transformed 

5 with 1, 2, and 4 pi of a 1:10 dilution of the 

polymerization product and plated into YT plates. 
Plaques were lifted by adsorption to nitrocellulose 
filters and denatured in 0.2 N NaOH f 1.5 M NaCI, 
followed by neutralization in 0.5 M Tris-HCl pH 7.3, 3 M 

0 NaCI and equilibrated in 6 x SSC. The filters were 
blotted dry, baked at 80°C for 2 h and preannealed at 
37°C in 0.2% SDS, 10 x Denhardfs, 6.x SSC. After 1 h, 
7.5 million CPM of labeled ARV-216 were added to the 
filters and incubated for 2 additional h at 37°C. The 

5 filters were washed in 6 x SSC at 42°C for 20 min, blot- 
dried and used to expose film at -70°C for 1 h using ah 
intensifying screen* Strong hybridizing plaques were 
grown and single-stranded DNA was prepared from them and 
used as templates for sequencing. Sequencing showed 

0 that template 01021785 contains the Ncol site as well as 
the second substitution mentioned above. 

A second oligomer was synthesized to insert 
sites for Sai l and Eco RI immediately after the 
termination codon of the pol gene (position 4647, Figure 

5 5). This oligomer was called ARV-248 and has the 

S equence : 5 ' -GGTGTTTTACTAAAGAATTCCGTCGACTAATCCTCATCC . 
Using the template 01020785, site specific mutagenesis 
was carried out as described above except that the 
filter wash after the hybridization was done at 65°C. As 

q above, 8 strong hybridizing plaques were grown and 
single-stranded DNA was sequenced. The sequence of 
template 01031985 shows that it contains the restriction 
sites for Ncol, Sai l , and Eco RI as intended. 
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3.4.2.3. Isolation of DNA fragments containing p31 

Replicative form (RF) of the 01031985 template 
was prepared by growing 6 clear plaques, each in 1.5 ml 
of 2 x YT at 37 °C for 5 h. Double-stranded DNA was 
obtained as described by Maniatis et al., supra , pooled 
and resuspended in 100 ul final volume. Ten ul of RF 
were digested with Nco l and Eco RI in a final volume of 
20 ul. This fragment was used for direct p31 expression 
in bacteria. An additional 20 pi of RF were cut with 
Nco l and Sai l in 40 ul. This fragment was used for p31 
expression in yeast. The samples were run on a 1% low 
melting point agarose (Sea-Pack) gel and the DNAs were 
visualized by fluorescence with ethidium bromide. The 
15 800 bp bands were cut and the DNAs were extracted from 
the gel as mentioned above and resuspended in 10 ul of 
TE. The fragments were called ARV248NR#2 and ARV248NL, 
respectively. 



10 



20 



3.4.2.4. Cloning of p31 into plot 7 

The vector plot #7 (3 \iq) [Hallewell et al. 
(1985) Nucl. Acid Res. 13:2017-2034] was cut with Ncol 
and Eco RI in 40 ul final volume and the enzymes were 
heat-inactivated after 3 h. Two ul of this digest were 
2 5 mixed with 2 ul of ARV248NR#2 and ligated in 20 ul in 

the presence of ATP and T4 DNA ligase at 14°C overnight, 
and 10 ul of this mixture were used to transform 
competent D1210 cells. Colonies resistant to 2 mM IPTG 
and 100 \iq/ml ampicillin were selected and supercoiled 
DNA was extracted from each of them. The DNAs were then 
restricted with Nco l and Eco RI and analyzed by agarose 
gel electrophoresis. Clones with the appropriate 800 bp 
insert were selected for further use. They are 
designated pRSP248 numbers 3 and 4. 
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3,4.2.5, Construction of pTP31 

The Ncol site introduced into 01100485 is 52 
bp downstream from the putative start of p31. Three 
5 oligomers were synthesized as above that code for the 

first 17 amino acids of p31 and generate a cohesive Nco l 
end at the 3 f end of the molecule. The 5' end of the 
molecule has been extended beyond the initiation codon 
to include a ribosome binding site. The oligomers that 
10 were synthesized have the sequences: 

ARV-221 

CCCC C C 

5 1 AGGXAACAGAAAAATGATAGATAAGGCACAAGAA 
TTTT T 

15 ARV-222 

5 ' G AACATGAG AAAT ATCACAGT AATTGGAGAGC - 

ARV-223 

3 • CGTGTTCTTCTTGTACTCTTTATAGTGTCATTAACCTCTCGGTAC 



20 



25 



30 



One hundred fifty picomoles each of 
dephosphorylated ARV-221, phosphorylated ARV-222 and 
ARV-223 were ligated to 20 ug of pRSP248 previously cut 
with Nco l , at 14°C for 18 h in a final volume of 62 
After phenol extraction and ethanol precipitation, the 
DNA was resuspended in 40 ul H2O and incubated with 15 
units of Klenow fragment in the presence of 0.5 mM dNTPs 
for 1 h at room temperature. The sample was phenol 
extracted, ethanol precipitated, resuspended in 40 ul 
H2O, and digested with Eco RI . The DNA was then run on a 
low melting point agarose gel and the fragment of about 
820 bp was extracted as described above and resuspended 
in a final volume of 20 ul of H2O. After 
phosphorylating the ends, 5 ul of the sample were 
incubated for 18 h at 14°C with 150 ng of plot7 that had 
been cut with PvuII and EcoRI and its ends 



-73- 

2300013701 



2300-0137 
PATENT 



dephosphorylated f in the presence of T4 DNA ligase, ATP 
and in a final volume of 31 yl. Five \xl of ligation 
product were used to transform RR1AM15. Clones 
resistant to 100 \xg/ml of ampicillin were selected and 
supercoiled DNA was extracted from them. The DNAs were 
digested with Ncol and Eco RI and resolved on a 1% 
agarose gel. Colonies with the appropriate size insert 
were obtained and named pTP31. The p31 sequence 
contained in the insert is shown in Figure 12. 
Underlined sequences were chemically synthesized. Others 
were derived from DNA. 



3.4.3. Screening of transf ormants 

Bacterial transf ormants containing either the 
vector alone, or the vector with the p31 DNA (pTP31.2) 
were grown in L-Broth with 0.02% ampicillin to an ODgso 
of 0.5. Cultures were induced by the addition of IPTG 
to a final concentration of 2 mM and grown for 3 more 
hours. Bacteria from 1 ml cultures were pelleted and 
resuspended in 200 yl of gel sample buffer. The cells 
were disrupted by three cycles of freezing and thawing, 
boiled, and the extracts loaded onto 12.5% 
polyacrylamide-SDS minigels. Proteins were 
electrophoresed and transferred to nitrocellulose by 
electro-blotting. The nitrocellulose filters were 
reacted with serum EW5111 (diluted 1:100; positive 
reference serum from the CDC that reacts strongly with 
viral p31), horse radish peroxidase-conjugated goat 
anti-human IgG and HRP substrate. A prominent band at 
-30,000 d and several lower molecular weight species 
were seen in gels of extracts from transf ormants with 
the p31 DNA, but not in extracts from bacteria 
transformed with the vector alone. 



2300013701 



-74- 




2300-0137 
PATENT 



3.4,4, Characterization of recombinant protein 

Lysozyme-NP40 extracts were prepared from 
bacteria transformed with pTP31.2 or vector alone. Five 
ml cultures were grown, the cells pelleted and 
resuspended in 1 ml of 50 mM Tris-HCl pH 8, 0.5 mM EDTA, 
1 mg/ml lysozyme and incubated at 0°C for 15 min NaCI, 
MgCl2, and NP40 were added to final concentrations of 
0.4, 5 mM and 0.5% respectively, mixed and incubated 
with DNAse I (100 Mg/ml) at 0°C for 30 min. When EW5111 
serum (diluted 1:100) was preincubated with a 1:10 
dilution of the cell extracts from bacteria transformed 
with pTP31.2, prior to reaction with a virus blot, the 
viral p31 band was completely eliminated, while 
reactivity with other viral proteins remained 
unaffected. In contrast, extracts from bacteria 
transformed with the vector alone did not absorb out the 
p31 reactive antibodies. The viral p31 protein is thus 
the product of the C-terminal or endonuclease region of 
the pol gene of HIV-1. 

3.5. Expression of SOD-p31 fusion protein 

In order to generate a fused protein SOD-p31 
that can be expressed in E. coli , 2 ul of the fragment 
ARV248NL were ligated to 100 ng of a Nco l- Sal l digest of 
pSODCF2 [Steimer et al. (1986) J. Virol. 58:9-16], a 
plasmid that contains the human SOD coding region under 
the regulation of the tacl promoter, in 20 ul final 
volume for 18 h at 14°C. Competent D1210 cells were 
transformed with 5 ]il of the ligation mix and colonies 
were selected on L-broth ampicillin plates. Colonies 
with the correct insert were called E. coli D1210 
(pTSp31). The expression of the fusion protein was 
analyzed in the same manner as the direct expression of 
p31» The analysis showed production of large amounts of 
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a protein of about 47 kd that is immunoreact ive with 
EW5111 but not with normal human sera. Further 
characterization of the recombinant protein is described 
in Section 4.3.3.3. 

3.6. Expression of SOD-env5b fusion protein 

3.6.1. Host-Vector System 

A hybrid protein consisting of human 
superoxide dismutase (SOD) fused to a viral envelope 
(env-5b) protein is synthesized by E. coli strain D1210 
transformed with plasmid pSOD/env5b. Plasmid pSOD/env5b 
is a bacterial expression vector which contains the 
sequence coding for human SOD [Hallewell et al. (1985) 
Nucl. Acid. Res. 11:2017] fused to the env-5b region of 
the viral env gene [Sanchez-Pescador et al. (1985) 
Science 227 :484] as well as pBR322 sequences including 
the ampicillin resistant (amp R ) gene. 

Expression of SOD/env-5b fusion protein is 
non-const i tut ive . and it is under transcriptional control 
of a hybrid tac promoter [De Boer et al. (1983) Proc. 
Natl. Acad. Sci. USA 80:21-25] derived from sequences of 
the trp and the lac UV5 promoters. Expression of 
S0D/env-5b is induced in bacterial transf ormants with 
IPTG. 

E. coli D1210, a lac-repressor overproducing 
strain, carries the lad and lacY * alleles on the 
chromosome but otherwise is identical to E^ coli HB101 
(F~ lacl + , lacO + , lacY", gal", pro", leu", thi", end", 
hsm~, hsr", recA", rpslT) from which it was derived 
[Sadler et al. (1980) Gene 8:279-300]. 
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3.6.2, Construction of pSOD/env5b 

Plasmid pSOD/env5b is a pBR322 derivative 
which contains the sequences coding for env-5b [Sanchez- 
Pescador et al. (1985) supra ] under transcriptional 
control of a hybrid tac promoter. De Boer et al. (1983) 
supra. 

Plasmid pSOD/env5b (Figure 25) was constructed 
by cloning a 322 base pairs synthetic DNA fragment 
coding for env-5b into plasmid pSODCF2 [Steimer et al. 
(1986) J. Virol. 58:9-16], a vector containing the human 
SOD gene under the control of the tad promoter. Plasmid 
pSODCF2 is derived from vector ptacS [Hallewell et al. 
(1985) Nucl. Acid. Res. 13:2017] a pBR322 derivative 
/ 15 which contains the tac promoter, Shine Delgarno 

sequences and a polylinker as a substitution of the 
original pBR322 sequences comprised between the Eco RI 
and Pvu II restriction sites. 

The 322 base pairs synthetic DNA fragment 
codes for the env-5b fragment (amino acid residues 557 
to 677 as numbered in Figure 5) with an additional 
methionine to allow for translat ional initiation site. 
The synthetic gene was prepared by synthesizing 
oligonucleotides varying in length between 34 and 48 
bases, and purifying and kinasing them individually 
according to standard procedures. Warner et al. (1984) 
DNA 2:401. The solution was phenol extracted and 
ethanol precipitated. The pellet was redissolved in 30 
Ul of a buffer containing 20 mM Tris-HCl (pH 8.0), 10 mM 
MgCl2, and 10 mM dithiothreitol, and heated to 90°C. 
After allowing to cool over 3 hours, the solution was 
made 3 mM in ATP, brought up to a volume of 45 yl, and 
5y 1 of T4 DNA ligase (4 x 10 5 U/ml Biolabs) added. The 
ligation was stopped after 10 minutes at 25°C by phenol 
extraction and ethanol precipitation. The pellet was 
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redissolved in 80 yl H2O in 10 ul of lOx high salt 
restriction buffer and digested for 2 hours at 37°C with 
5 pi each of Ncol and Sail (Biolabs). The full-length 
5 gene was then purified on a 7% native polyacrylamide 
gel, electroeluted, and cloned into Nco l / Sal I -digested 
pBS-100. 

The cloned env-5b gene was isolated as an 
Ncol/Sall fragment from the resulting plasmid and cloned 

10 into Ncol /Sal I -digested pSODCF2 to give plasmid 

pS0D/env5b. The resulting bacterial expression vector 
was used to express the SOD/env-5b fusion protein in E^ 
coli under the control of the tac-1 promoter. Hallewell 
et al. (1985) Nucleic Acids Res. 13:2017. 

15 Figure 15 shows the nucleotide sequence of the 

SOD/env-5b insert cloned in pSOD/env5b and the amino 
acid sequences derived for it. Sequences coding for 
human SOD were derived from a human cDNA isolated as 
described in Hallewell et al. (1985), supra . Sequences 

20 coding for env-5b were chemically synthesized by the 
phosphoramidite method as originally described by 
Beaucage & Caruthers, (1981) Tetrahedron Lett. 22:1859. 

3.6.3. Expression of SOD/env-5b fusion protein 
25 E;. coli D1210 cells were made competent for 

transformation following a standard procedure and 
transformed with pSOD/env5b. The transformation mix was 
plated on agar plates made with L-broth containing 100 
yg/ml ampicillin. Plates were incubated for 12 hours at 
30 37°C. 

Single ampicillin resistant colonies were 
transferred into L-broth containing 100 yg/ml ampicillin 
and grown at 37°C. Expression of env-5b was induced by 
adding 100 mM IPTG to a final concentration of 1 mM 
followed by incubation at 37 °C for 2 hours. 
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Cells from induced cultures were pelleted and 
resuspended in Laemmli sample buffer. Laemmli (1970) 
Nature 227:680. After 3 cycles of boiling and freezing, 
portions of resultant lysates were analyzed on standard 
denaturing acylamide gels. Laemmli (1970), supra . 
Proteins were visualized by staining with Coomassie 
blue. 

The extent of expression was initially 
determined by appearance of new protein bands for 
induced candidate samples compared with controls. 
Proteins of molecular weights expected for the cloned 
DNA were determined by visual inspection of the gel 
lanes with reference to a standard protein band of known 
amount . 

Authenticity of the expressed proteins was 
determined by standard western transfer of proteins to 
nitrocellulose and analysis with appropriate human or 
rabbit immune sera or mouse monoclonal antibodies or by 
ELISA assays of soluble coli proteins using human 
immune sera from AIDS patients. 

3.6.4. Protein purification 

Single colonies of D1210 (pSOD/env5b) were 
inoculated into 2 ml aliquots of L-broth containing 100u 
g/ml ampicillin and the cultures were grown overnight at 
37 °C. The culture was made 15% glycerol by adding 1/4 
volume of 75% sterile glycerol. The glycerol cell 
stocks aliquoted and quickly frozen in liquid nitrogen. 
The* aliquots were stored at -70°C. 

A frozen aliquot of the seed stock (200 yl) 
was thawed and used to inoculate 110 ml of L-broth with 
0.01% ampicillin medium. The culture was grown to 
saturation at 37°C with agitation. A 15 ml portion of 
the culture was added to each of six (6) flasks 
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containing 1.5 L of L-broth with 0.01% ampicillin 
medium. The cultures were grown at 37°C with agitation. 
During late log phase (after approximately 6 h.), env-5b 
expression was induced by addition of IPTG to a final 
concentration of 1 mM. Incubation was continued for an 
additional 2-4 h. at 37°C. 

After the cells had completed the growth 
period they were harvested by centr if ugation and pooled. 
The packed cells were stored at either 4°C or -20°C. 
The frozen (or refrigerated) cells were thawed and 
suspended in 2 volumes of cell lysis solution (1.0 mM 
PMSF, 0.18 mM EDTA, 230 mM tris-HCl, 0.425 mg/ml 
Lysozyme) on ice for 1 h. Approximately 1.5 volumes of 
DNA Digestion Solution (1.0 mM PMSF, 30 units/ml DNAse 
I, 1.0 mM MgCl2) was added and then the cell lysate was 
sonicated at room temperature for 30 minutes. The 
lysate was centrifuged at 113,000 X g for 15 minutes. 

The supernatant was discarded and the pellet 
was suspended in solubilization buffer (0.1% 
0-mercaptoethanol in 7 M guanidine-HCl) and rocked for 3 
h. at 2-8°C. The solution was subjected to 
ultracentrifugation at 25,500 X g for 4 h. at 2-8°C. The 
pellet was discarded, and the supernatant was diluted 
with 6 volumes of water, and then incubated at room 
temperature for 1-2 h. The diluted supernatant was 
centrifuged at 11,300 X g for 30 minutes. Following 
centrifugation, the supernatant was discarded and the 
pellet was resuspended in 10-15 volumes of elution and 
resuspension buffer (0.1% B-mercaptoethanol , 50 mM Tris- 
HCl in 3.5 M guanidine-HCl, pH 7.4). The suspension was 
centrifuged at 2,000 X g for 10 minutes at 2-8°C to 
remove any insoluble material. 

The resolubilized fraction was chromatographed 
on a Sephacryl S-300 column and eluted with Elution and 
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Resuspension Buffer. Fractions were collected and the 
absorbance was monitored at 280 nm. Fractions 
containing env-5b as determined by SDS-PAGE were pooled. 
The pooled fractions were concentrated to 1/5 the 
original volume by ultrafiltration in an Amicon unit 
under N2 pressure. 

The concentrate was dialyzed (MW cutoff 2000) 
against 50 to 100 volumes of urea-containing dialysis 
buffer (0.1% B-Mercaptoethanol , 50 mM Tris-HCl in 7.5 M 
urea, pH 7.4) for 16-24 h. at 2-8°C. The protein 
concentration of the dialyzed env-5b was adjusted to 
1.02.0 mg/ml (based on modified Lowry assay). 

3.7. Expression of B-qal-env fusion proteins . 

3.7.1. Host-vector system 

A partial env protein is synthesized by E. 
coli D1210 transformed with plasmid pII-3. Plasmid 
pII-3 (ATCC No. 67549) is a bacterial expression vector 
which contains the sequence for 2/3 (carboxyl end) of 
the env protein fused to E. coli b-galactosidase DNA in 
the vector pNL291. Expression of the B-gal-env fusion 
protein is induced with IPTG. 

3.7.2. Construction of pII-3 

Plasmid pi 1-3 was constructed by cloning a 
1855 bp Bql ll- Xho l fragment coding for 2/3 of the env 
protein* The fragment extends from nt 6604 to nt 8460 
(Figure 5) and codes for env amino acid residues from 
number 276 to the end of the env protein. 

To prepare the plasmid, the 1856bp fragment 
was isolated by gel electrophoresis. The Bql ll- Xho l 
fragment was cloned into pNL291 which had been 
previously digested with BamH I and Xho l. Plasmid pNL291 
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is a derivative pUR291 [Ruther et al. (1983) EMBO J, 
2:1791-1794] in which a polylinker containing the 
additional restriction sites Ncol, PvuII and Xho l was 
5 substituted between the Bam HI and Sai l sites. Plasmid 
pUR291 is an inducible E. coli expression vector which 
produces 8-galactosidase C-terminal fusion proteins. 

3.7.3. Expression and characterization of fusion 
10 protein 

E. coli D1210 cells were transformed with 
25-50 ng of pi 1-3. The transformation mix was plated 
onto L-Broth agar plates containing 100 ug/ml 
ampicillin. Single amp R colonies were grown in 

^5 L-Broth/amp and expression of the fusion protein was 

induced by IPTG addition (1 mM) followed by incubation. 
Cell extracts were prepared and analyzed by SDS gel 
electrophoresis and immunoassays using human immune sera 
or rabbit immune sera. 

20 Results of this analysis showed that a large 

molecular weight protein is induced with IPTG. 
Expression levels are about 20 mg/1. This fusion 
protein reacted with human immune sera from AIDS 
patients in ELISA assays. 

25 

4. Expression of HIV Polypeptides in Yeast 

4.1. Expression of envH peptide 

30 4.1.1. Host-vector system 

A partial env protein is synthesized by S. 
cerevisiae 2150-2-3 transformed with plasmid pDPC303. 
Plasmid pDPC303 is a yeast expression vector which 
contains the sequence coding for 2/3 of the env protein, 
envH, as well as pBR322 sequences including the amp R 
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gene and 2-micron sequences including the yeast leu 2-04 
gene. Expression of envH is under regulation of the 
yeast pyruvate kinase promoter and terminator sequences. 
Yeast strain S. cerevisiae 2150-2-3 has the following 
genotype: Mat a, ade 1, leu 2-112, cir°. This strain 
was obtained from Dr. Leland Hartwell, University of 
Washington. 

4*1.2. Construction of PDPC303 

Plasmid pDPC303 contains an "expression 
cassette" (described below) for envH cloned into the 
BamHI site of vector pCl/1. Vector pCl/1 contains 
pBR322 and 2 micron sequences including the amp R and 
15 yeast leu 2-04 markers. It was derived from pJDB219d 
[Beggs (1978) Nature 275:104] by replacing the pMB9 
region with pBR322 sequences. 

The "expression cassette" for envH consists of 
the following sequences fused together in this order (5 f 
20 to 3 f ): yeast pyruvate kinase ( PYK) promoter, envH 

coding region and PYK terminator. The PYK promoter and 
terminator regions were derived from the PYK gene 
isolated as described in Burke et al. (1983) J. Biol. 
Chem. 258:2193-2201. 
25 The envH fragment cloned into the expression 

cassette was derived from ARV-2 DNA and comprises a 1395 
bp fragment which codes for env amino acid residues 27 
through 491 coded by nt 5857 to nt 7242 (Figure 5). In 
addition, there are 5 extra codons fused in reading 
frame in the 5' end, the first codon corresponding to a 
methionine, and 4 extra codons fused in reading frame at 
the 3* end followed by a stop codon. The extra codons 
were incorporated to facilitate cloning procedures 
exclusively. 
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Figure 11 shows the coding strand of the 
nucleotide sequence cloned in pDPC303 and the amino acid 
sequence derived from it. DNA sequences that are not 
underlined in the figure were derived directly from the 
ARV-2 X9B DNA described above. All other sequences were 
either chemically synthesized, or derived from the PYK 
vector. 

4.1.3. Transformation and expression 

Yeast cells S. cerevisiae 2150-2-3 ( Mat a , ade 
1, leu 2-04 , cir ° ) were transformed as described by 
Hinnen et al. (1978) Proc. Natl. Acad. Sci. USA 75:1929- 
1933, and plated onto leu" selective plates. Single 
colonies were inoculated into leu" selective media and 
grown to saturation. Cells were harvested and the env 
protein was purified and characterized as described 
below. 

4.1.4. Purification of envH protein 

4.1.4.1. Cell breakage 

Frozen S. cerevisiae 2150-2-3 (pDPC303) are 
thawed and suspended in 1 volume of lysis buffer (1 
ug/ml pepstatin, 0.001 M PMSF, 0.001 M EDTA f 0.15 M 
NaCl f 0.05 M Tris-HCl pH 8.0), and 1 volume of acid- 
washed glass beads are added. Cells are broken in a 
noncontinuous system using a 300 ml glass unit of 
Dyno-mill at 3000 rpm for 10 min. The jacket is kept 
cool by a -20°C ethylene glycol solution. Glass beads 
are decanted by letting the mixture set for 3 minutes on 
ice. The cell extract is recovered and centrifuged at 
18,000 rpm (39,200 x g) for 35 min. The supernatant is 
discarded and the precipitate (pellet 1) is further 
treated as indicated below. 
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4.1.4.2: 



SDS extraction of insoluble material 



Pellet 1 is resuspended in 4 volumes of Tris- 



HC1 buffer (0.01 M Tris-HCl, pH 8.0, 0.01 M NaCI, 0.001 
M PMSF, 1 pg/ml pepstatin, 0.001 M EDTA, 0.1% SDS) and 
extracted for 2 h at 4°C with agitation. The solution 
is centrifuged at 6,300 x g for 15 min. The insoluble 
fraction (pellet 2) is resuspended in 4 volumes (360 ml) 
of PBS (per liter: 0.2 g KC1, 0.2 g KH2PO4, 8.0 g NaCI, 
2.9 g Na2HP04.12H20) , 0.1% SDS, 0.001 M EDTA, 0.001 M 
PMSF, 1 ug/ml pepstatin, and centrifuged at 6,300 x g 
for 15 min. The pellet (pellet 3) is suspended in 4 
volumes of PBS, 0.2% SDS, 0.001 M EDTA, 0.001 M PMSF, 1 
yg/ml pepstatin and is extracted for 12 h at 4°C with 
agitation on a tube rocker. The solution is centrifuged 
at 6,300 x g for 15 min. The soluble fraction is 
recovered for further purification as indicated below. 
(The pellet can be reextracted by resuspending it in 4 
volumes of 2.3% SDS, 5% 8-mercaptoethanol , and boiling 
for 5 min. After boiling, the solution is centrifuged 
at 6,300 x g for 15 min. The soluble fraction is 
recovered for further purification.) 

4.1.4.3. Selective precipitation and gel filtration 



precipitation with 30% ammonium sulfate at 4°C. The 
pellet (pellet 4) is resuspended in 2.3% SDS, 5% 
8-mercaptoethanol f and chromatographed on an ACA 34 (LKB 
Products) gel filtration column. The column is 
equilibrated with PBS, 0.1% SDS, at room temperature. 
Chromatography is developed in the same solution with a 
flow rate of 0.3 ml/min. Five ml fractions are 
collected, pooled and characterized by protein gel 
electrophoresis, Western analysis, and ELISA. If 



The soluble fraction is concentrated by 



-85- 



2300013701 





2300-0137 
PATENT 



needed, pooled fractions are concentrated by vacuum 
dialysis on Spectrapor #2 (MW cutoff 12-14K) . 

4.1.5. Characterization of recombinant envH 
SDS polyacrylamide gel analysis (12% 
acrylamide gels) showed that a new 55,000 dalton protein 
was being synthesized in yeast cells transformed with 
the env-containing vector. The 55,000 dalton protein is 
, absent from cells transformed with control plasmid 
(vector without env insert). The identity of env was 
confirmed by both EL ISA (Section 3.1.6.3,) and Western 
analysis using AIDS patient serum. In both assays the 
55,000 dalton protein showed immunoreact ivity . No 
reactivity was obtained with serum from a normal 
individual. 

4.2. Expression of env subregion polypeptides 

The following example describes the expression 
of DNA coding regions defined as env-1, env-2, env-3, 
env-4 and env-5b (see Figure 13). Env-1 and env-4 
approximate the N- and C-terminal halves of gpl20env, 
respectively. Env-2 and env-3 approximate the entire 
env polypeptide moieties of gpl20 and gp41, 
respectively. Env-5b corresponds to the region of 
gp41env thought to be external to the cell membrane. 

4.2.1. Env-1 

4 « 2 .1.1. GAP promoter 

Proviral ARV-2 sequences were isolated from 
phage XARV-2 (7D) and subcloned into plasmid pUC19. 
Yanisch et al. (1985) Gene 33:103-119. The plasmid 
containing the proviral sequences was named 
pUC19ARV7D/7. To isolate the env-1 region, the plasmid 
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was cut with Fok l at cys27 of the env region (nt5857, 
Figure 5) and with Bql 1 1 at arg276 (nt6604, Figure 5). 
This provided a nucleotide segment with a coding 
capacity for 28 kD from the N-terminus of gpl20 without 
the 29 amino acid signal sequence of the env gene 
product. A synthetic, Nco l/ Fok l adaptor, with the 
following sequence, was ligated to the env-1 segment: 



A second adaptor, for Bql l I/ Sal l , was also ligated to 
the env-1 segment. This second adaptor had the 
following sequence: 



The first synthetic adaptor contains an in-frame 
initiation codon, and the second synthetic adaptor 
contains an in-frame stop codon. 



adaptors was then ligated into pPGAPl previously 
linearized with Ncol and Sai l . Plasmid pPGAPl has been 
previously described. EPO Pub. No. 164,556. It 
contains a yeast glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) promoter and terminator sequences 
flanking Nco l and Sai l cloning sites. The ligation of 
the modified env-1 segment into pPGAPl produces plasmid 
pPGAP/FGenv,. which contains the env-1 sequence fused 
directly to the GAPDH promoter and terminator sequences. 
The expression cassette containing GAPDH promoter-env- 
1 -GAPDH terminator was excised by digestion of 
pPGAP/FGenv with BamH I and gel purification of the 
fragment. The expression cassette was cloned into 



5 1 -CATGGCTATC 



CG AT AG AC AT -5 ' 



5 f -GATCTTGATAGG 

AACT ATCCAGCT - 5 ' 



The env-1 segment modified with the synthetic 
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BamHI -digested pCl/1 (see Section 4.1.2) to yield 
pCl/lFGenv. 

Plasmid pCl/lFGenv was used to transform yeast 
strain AB110 (Mata, ura 3-52 , leu 2-04 or both leu 2-3 
and leu 2-112, pep 4-3, his 4-580, cir°; see EPO Pub. 
No. 620,662 & Section 4.5.2) as described previously. 
Hinnen et al. (1978) Proc. Natl. Acad. Sci. USA 75:1929. 
Yeast colonies transformed with the expression plasmid 
were grown in synthetic complete media lacking leucine 
~at a concentration of 2% glucose. Large-scale cultures 
were grown in YEP medium with 2% glucose as described in 
Section 4.1.3. Lysates were prepared from yeast 
cultures as described previously, and were then 
separated into soluble and insoluble fractions by 
centrif ugat ion, and analyzed by polyacrylamide gel 
electrophoresis, see Section 4.1.4. A heavily expressed 
protein corresponding to env-1 was readily discernible 
in the insoluble fraction by Coomassie blue staining. 
This protein also migrated at a molecular weight of 
approximately 28 kD, as predicted from the DNA sequence. 

4.2.2. Env-2 

The env-2 polypeptide is similar to the 
previously described envH (Section 4.1.1) and 
corresponds to the viral gpl20 glycoprotein. Env-2 
differs from envH in the 5 amino terminal residues and 
is under the regulatory control of the GAPDH promoter as 
described for the expression of env-1. Env-2 is a 
polypeptide having the amino acid sequence of gpl20env 
residues 26510. 

4.2.2.1. Construction of pAB24-GAP-env2 

Plasmid pAB24-GAP-env2 (Fig. 28) contains an 
"expression cassette" for the env gene cloned into the 
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Bam HI site of the yeast shuttle vector pAB24 (below). 
Expression of the env gene is under regulatory control 
of the GAPDH promoter and the PYK terminator. 
Construction of pAB24-GAP-env2 was accomplished by 
ligating (i) an approximately 952 bp Bam HI- Stu I fragment 
from plasmid pCl/l-FGenv (Section 4.2.1) which contains 
the GAPDH promoter and the envelope sequences coding for 
amino acids 26-267, and (ii) an approximately 1474 bp 
StuI-BamHI fragment from plasmid pDPC302 (which is 
similar to pDPC303 in Section 4.1.1. except that it 
extends 57 nucleotides in the 3' direction of the 
envelope coding region), which codes for env amino acids 
267-510 and the PYK terminator, into plasmid pAB24 which 
had been previously digested with Bam HI and treated with 
alkaline phosphatase. The direction of transcription in 
the "expression cassette" is in the opposite direction 
of the tetracycline gene of the pBR322 sequences. 



vector which contains the complete 2\i sequence [Broach, 
in: Molecular Biology of the Yeast Saccharomyces , Vol. 
1, p. 445, Cold Spring Harbor Press (1981)] and pBR322 
sequences. It also contains the yeast URA3 gene derived 
from plasmid YEp24 [Botstein et al. (1979) Gene 8:17] 
and the yeast LEU 2c * gene derived from plasmid pCl/1. EPO 
Pub. No. 116,201. Plasmid pAB24 was constructed by 
digesting YEp24 with Eco RI and religating the vector to 
remove the partial 2\i sequences. The resulting plasmid, 
YEp24ARI, was linearized by digestion with Cla l and 
ligated with the complete 2\i plasmid which had been 
linearized with Cla l . The resulting plasmid, pCBou, was 
then digested with Xbal and the 8605 bp vector fragment 
was gel isolated. This isolated Xba l fragment was 
ligated with a 4460 bp Xba l fragment containing the 
LEU 2 d gene isolated from. pCl/1; the orientation of the 



Plasmid pAB24 (Fig. 27) is a yeast shuttle 
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LEU d gene is in the same direction as the URA3 gene. 
Insertion of the expression cassette was in the unique 
BamHI site of the pBR322 sequences, this interrupting 
the gene for bacterial resistance to tetracycline. 

4.2.2.2. Transformation and expression 

Yeast cells S. cerevisiae 2150-2-3 ( Mat a , ade 
1, leu 2-04 , cir ° ) were transformed as described by 
Hinnen et'al. [(1978) Proc. Natl. Acad. Sci. USA 
7_5: 1929-1933] and plated onto leu-selective plates. 
Single colonies were inoculated into leu-selective media 
and grown to saturation. The culture was further 
inoculated into YEP 2% glucose media. Cells were 
harvested and the env-2 protein was purified and 
characterized as described below. 

4.2.2.3. Purification of env-2 protein 

Frozen cerevisiae 2150-2-3 (pAB24-GAP-env2 ) 
were thawed and suspended in 1 volume of lysis buffer (1 
pg/ml pepstatin, 0.001 M PMSF, 0.001 M EDTA, 0.15 M 
NaCl, 0.05 M Tris-HCl pH 8.0) , and 1 volume of acid- 
washed glass beads are added. Cells are broken in a 
non-continuous system using a 300 ml glass unit of 
Dyno-mill at 3000 rpm for 10-25 min. The jacket is kept 
cool by a -20°C ethylene glycol solution. Class beads 
are decanted by letting the mixture set for 
approximately 3 minutes on ice. The cell extract is 
recovered and centrifuged at 18,000 rpm (39,200 x g) for 
35 min. The supernatant is discarded and the 
precipitate (pellet 1) is further treated as indicated 



HC1 buffer (0.01 M Tris-HCl, pH 8.0, 0.01 M NaCl, 0.001 
M PMSF, 1 ug/ml pepstatin, 0.001 M EDTA, 0.1% SDS) and 



below. 



Pellet 1 is resuspended in 4 volumes of Tris- 
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extracted for 2 h at 4°C with agitation. The solution 
is centrifuged at 6,300 x g for 15 min. The insoluble 
fraction (pellet 2) is resuspended in 4 volumes of PBS 
(per liter: 0.2 g KC1, 0.2 g KH 2 P0 4 , 8.0 g NaCl r 2.9 g 
Na2HP04.12H20) , 0.1% SDS, 0.001 M EDTA, 0.001 M PMSF f 1 
ug/ml pepstatin, and centrifuged at 6,300 x g for 15 
min. The pellet (pellet 3) is suspended in 4 volumes of 
PBS, 0.2% SDS, 0.001 M EDTA, 0,001 M PMSF, 1 ug/ml . 
pepstatin and is extracted for 12 + 3 h at 4°C with 
agitation on a tube rocker. The solution is centrifuged 
at 6,300 x g for 15 min. The soluble fraction is 
recovered for further purification as indicated below. 
(The pellet can be reextracted by resuspending it in 4 
volumes of 2.3% SDS, 5% 8-mercaptoethanol , and boiling 
for 5 min. After boiling, the solution is centrifuged 
at 6,300 x g for 15 min. The soluble fraction is 
recovered for further purification.) 

The soluble fraction is concentrated by 
precipitation with 30% ammonium sulfate at 4°C. The 
pellet (pellet 4) is resuspended in 2.3% SDS, 5% 
B-mercaptoethanol, and chromatographed on an ACA 34 (LKB 
Products) gel filtration column. The column is 
equilibrated with PBS, 0.1% SDS, at room temperature. 
Chromatography is developed in the same solution with a 
flow rate of 0.3 + 0.1 ml/min. 5 + 2 ml fractions are 
collected, pooled and characterized by protein gel 
electrophoresis, Western analysis, and EL ISA. If 
needed, pooled fractions are concentrated by vacuum 
dialysis on Spectrapor #2 (MW cutoff 12-14K) , or by 
membrane filtration using an Amicon concentrator using a 
PM10 membrane. 



acrylamide gels) showed that a new 55,000 dalton protein 
was being synthesized in yeast cells transformed with 



SDS polyacrylamide gel analysis (12% 
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the env-containing vector. The 55 f 000 dalton protein is 
absent from cells transformed with control plasmid 
(vector without env insert). The identity of env-2 was 
confirmed by both EL ISA and Western analysis using AIDS 
patient serum. In both assays the 55,000 dalton protein 
showed immunoreact ivity . No reactivity was obtained 
with serum from a pool of normal individuals. 

4.2.2.4. Immunogenic ity 

To determine the immunogenicity of 
polypeptides expressed in yeast, purified env-2 (Section 
4.2.2.3) was used to immunize rabbits. Rabbits received 
perilymphnodal injections of 250 \xq of purified env-2 
polypeptide in complete Freund's adjuvant. Twenty-one 
days later, the rabbits were boosted with intramuscular 
injections of 250 ug of env-2 polypeptide in incomplete 
Freund's adjuvant. Ten days later the animals were bled 
and then set up on a schedule of boosting, bleeding 10 
days later, and reboosting after 21 days. Antibody 
titers to env-2 polypeptide for the rabbits were 
measured using ELISA. Antibodies from the rabbits 
reacted specifically with env glycoproteins in virus 
(gpl20) and in infected cells (gpl60). Thus, the 
polypeptide moiety representing the N-terminal domain of 
the env region is immunogenic when expressed in a 
heterologous host species. 

4.2.3. Env-3 

4.2.3.1. GAP promoter 

Env-3, the gp41env equivalent (AA 529-855 of 
env), was prepared by cutting the env insert of plasmid 
pUC19ARV7D/7 (Section 4.2.1.1) at the Hqa l site (nt7401, 
Figure 5) and at the Xhol site 3 f to the env termination 
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codon (nt8460, Figure 5). The resulting env-3 segment 
was modified by the addition of synthetic adapters. The 
5' end was modified by the addition of an Nco l/ Hqa l 
adapter which reintroduced the coding sequence to met529 
(nt7817, Figure 5). The linker had the following 
sequence: 

5 ' -CATGGGCGCCGTTTCTTTGACCTTGACC- 3 ' 

3 ' -CCGCGGCAAAGAAACTGGAACTGGCATGT- 5 * 

A second synthetic Xho l/ Sal l adapter molecule was 
prepared and ligated to the Xho l end of env-3, the 
adapter having the following sequence: 

5 ' -TCGACCTCGAGG- 3 1 

3 ' - GG AGCTCC AGCT - 5 ' 

The Hq a I / Xho l fragment was cloned together with the 
above linkers into Nco l / Sal I -digested pPGAP/FGenv 
(Section 4.2.1.1), and the resulting plasmid, 
pPGAP/HXenv, was digested with Bam HI . The Bam HI 
expression cassette was cloned into pCl/1. The 
resulting expression vector pCl/lGAP/HXenv was expressed 
as described above after transformation of yeast strain 
AB110 (Section 4.2.1). Extreme toxicity, as evidenced 
by slow growth of cells, was observed when this gene was 
expressed constitut ively in yeast under control of the 
GAPDH promoter, 

4,2.3.2. ADH-2/GAPDH promoter 

In order to express env-3 under the control of 
the glucose-regulable ADH-2/GAPDH (or ADH-2/GAP) 
promoter, the Nco-I/ BamH I fragment containing the env-3 
coding region and the GAPDH terminator was excised from 
pPGAP/HXenv. This was cloned together with the 
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ADH-2/GAPDH promoter as a BamHI/Nco-I fragment (from 
pJS103) into BamHI -digested and phosphatized pCl/1. The 
resulting expression vector, pCl/lADH-2/GAP/HXenv , was 
expressed as described below after transformation of 
yeast strain AB110. 

Plasmid pJS103 f which contains the hybrid 
ADH-2/GAPDH promoter employed above, was constructed as 
follows. The ADH-2 portion of the promoter was 
constructed by cutting a plasmid containing the wild- 
type ADH2 gene from plasmid pADR2 [Beier et al. (1982) 
Nature 300 ;724-728 ] with restriction enzyme EcoR5, which 
cuts at position +66 relative to the ATG start codon, as 
well as in two other sites in pADR2, outside of the ADH2 
1$ region. The resulting mixture of a vector fragment and 
two smaller fragments was resected with Bal 31 
exonuclease to remove about 300 bp. Synthetic Xho l 
linkers were ligated onto the Bal31-treated DNA. The 
resulting DNA linker vector fragment (about 5 kb) was 
2Q separated from the linkers by column chromatography, cut 
with restriction enzyme Xho l , religated, and used to 
transform E. coli to ampicillin resistance. The 
positions of the Xho l linker were determined by DNA 
sequencing. One plasmid which contained an Xho l linker 
25 within the 5' nontranscribed region of the ADH2 gene 
(position -232 from ATG) was cut with the restriction 
enzyme Xhol, treated with nuclease SI, and subsequently 
treated with the restriction enzyme Eco RI to create a 
linear vector molecule having 1 blunt end at the site of 
the Xhol linker and an EcoRI end. The GAP portion of 
the promoter was constructed by cutting plasmid pPGAP 
with the enzymes Bam HI and Eco RI , followed by the 
isolation of the 0.4 Kbp DNA fragment. This purified 
fragment was then completely digested with the enzyme 
Alul and an approximately 200 bp fragment was isolated. 
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This GAP promoter fragment was ligated to the ADH-2 
fragment present on the linear vector described above to 
give plasmid pJS103. 

5 S;. cerevisiae AB110 was transformed with the 

ADH-2/GAPDH constructions, and the cultures grown 
initially in synthetic complete media lacking leucine 
with 8% glucose. Env-3 was induced by diluting the 
culture 1:25 into YEP with 1% glucose and allowing 

0 growth at 30°C for 24 hours. Normal cell growth was 
observed; however, complex expression products were 
observed. In an immunoblot assay with AIDS sera, the 
protein appeared as a multiplet of immunoreactive bands, 
including a major band at about 37 kD and five 

5 additional bands of increasing molecular weight. As 
demonstrated by treatment with endoglycos idase-H prior 
to gel and immunoblot analysis, these additional bands 
were due to glycosylation. Inspection of the gp41 DNA 
sequence shows five potential N-linked carbohydrate 

0 addition sites. Since env-3 encodes a polypeptide with 
a calculated molecular weight of 40.5 kD, the gel 
mobility of env-3 at around 37 kD may indicate either 
aberrant electrophoresis properties, or C-terminal 
processing analogous to that proposed for infected 

5 T-cell-derived gp41. 

4.2.4. Env-4 

The env-4 region approximates the carboxy- 
terminal half of the gpl20 glycoprotein from the 
10 envelope gene and corresponds to amino acids Glu-272 to 
Arg-509 (Figure 5). Env-4 also contains a methionine at 
the N-terminus which serves as an initiation codon for 
the yeast expression system. 

Expression of the env-4 protein was initially 
attempted as a direct expression product in yeast which 
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failed to provide any detectable product. Successful 
expression of the env-4 protein was achieved as an SOD 
fusion product ift yeast. 

4.2.4.1. pBS24/SF2env4/GAP 

The 3' end of the env-4 coding sequence was 
modified by M13 mutagenesis to generate 2 stop codons in 
frame after Arg-509, and by adding restriction sites for 
Hindi I I and Sai l . Plasmid pSV-7c/env (Section 2.1.2) 
was digested with Hin dlll and Xhol and an approximate 
2830 bp fragment was gel isolated. The fragment was 
cloned into M13-mpl9 and single stranded template was 
generated. M13 mutagenesis was performed using the 
following primer: 

5 ' - G AAC AT AGCTGTCG AC AAGGTTC ATC ATCTTTTTTCT - 3 ' . 

A single plaque designated M13Fenv3-447 was isolated and 
confirmed by M13 sequencing to contain the inserted stop 
codons and new restriction sites for Hin di 1 1 and Sai l . 
M13 replicat ive-f orm DNA was prepared for M13Fenv3-447 
by standard methods, and an approximately 713 bp Bql ll 
(position 6604, Figure 5) to Sai l fragment was excised 
and gel purified. This fragment was ligated to the 
following Nco I- BqI II linker, which codes for a 
methionine initiation codon and the first four amino 
acids of the env-4 protein: 

MetGluValVallleArg 
5 ' -CATGGAGGTAGTAATTA- 3 * 
CTCCATCATTAATCTAG 

and then cloned into pPGAPl [EPO Pub. No. 164,556] which 
was previously digested with Nco l and Sai l and gel 
isolated. The approximate 1130 bp BamH I- Sal l fragment 
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containing the GAPDH promoter and the env-4 gene was 
excised and cloned into pBS24 (below), which was 
previously digested with Bam HI and Sai l and gel 
5 isolated, to give plasmid pBS24/SF2env4/GAP. 

Plasmid pBS24/SF2env4/GAP was transformed into 
cerevisiae strains 2150-2-3 and AB110 as described 
previously. Cultures from single colonies were grown 
and analyzed for expression by SDS polyacrylamide gel 
10 electrophoresis. No env-4 protein was detected by 

either Coomassie stained gels or western blot analysis. 

4.2.4.2. PBS24 

Plasmid pBS24 is a derivative of pAB24 as 
15 described in Section 4.2.2.1. Plasmid pAB24 was 

digested with Bam HI and Sai l (which cut within the 
tetracycline gene of the pBR322 sequences) and gel 
purified. The vector was then ligated with a synthetic 
adapter of the following sequence which created new 
20 unique Bql l I and Bam HI sites: 

Ball I BamH I 
5 1 -GATCAGATCTAAATTTCCCGGATCC- 3 ' 

TCTAGATTTAAAGGGCCTAGGAGCT 
(BamHI) (Sail) 



The resulting vector, pAB24ABL was then digested with 
Bam HI and Bql ll and gel purified. The linearized vector 
was ligated with the BamH I cassette excised and purified 
from pSOD/env-5b (Section 4.2.5) to give pBS24. The 
cassette contains the hybrid ADH-2/GAPDH promoter and 
a-factor terminator with an Nco l- Sal l insert of the 
SOD/env-5b fusion gene. The cassette is oriented in 
pBS24 such that the direction of transcription from the 
ADH-2/GAPDH promoter is in the opposite direction to 
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that of the inactivated tetracycline gene of the pBR322 
sequences . 

4.2.4.3. pBS24/SOD-SF2env4 

Since there was no detectable expression of 
env-4 from the direct expression system, an SOD/env-4 
fusion gene was constructed. Plasmid pBS24/SF2env4/GAP 
was digested with Nco l and Sai l and the approximate 713 
bp env-4 gene was gel isolated. The env-4 gene was 
ligated into pSODCF-2 (Section 3.5) which was previously 
digested with Nco l and Sai l and gel purified, to give 
pCF2-SODenv4. Plasmid pSODCF2 is a bacterial expression 
vector which allows for the C-terminal fusions of 
heterologous genes with the human SOD gene and is under 
the control of the tacl promoter. When plasmid pCF2- 
S0Denv4 was transformed into EL coli strains D1210 and 
RR1AM15 and analyzed for expression as described 
previously (Sections 3.4.4 and 3.6), no expression of 
SOD/env-4 fusion protein was detected. Plasmid pCF2- 
S0Denv4 was digested with Stu I and Sai l to isolate the 
3 1 half of the SOD gene fused with the env-4 gene. This 
fragment was ligated to pSl8 which had been previously 
digested with Stu I and Sai l and gel isolated to give 
plasmid pSI8-SODenv4 . Plasmid pSI8 (Section 4.2.5) 
contains the hybrid ADH- 2 /GAPDH promoter and the 
a-f actor terminator sequences flanking the SOD-insulin 
fusion gene. The resulting plasmid pSl8-SOD/env-4 was 
digested with BamHI and Sail to excise a fragment 
containing the ADH- 2 /GAPDH promoter and SOD/env-4 fusion 
gene. This fragment was gel isolated and cloned into 
pBS24 which had been previously digested with BamH I and 
Sai l and gel isolated to give pBS24/SOD-SF2env4 (Figure 



26). 
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4,2,4,4. Transformation and Expression , 

The plasmid pBS24/SOD-SF2env4 was transformed 
into yeast cells cerevisiae 2150-2-3 and S, 
cerevisiae AB116 (mat a f leu 2, trp 1, ura 3-58 , pro 
1-1122 (prot. B), pep 4-3 (prot. A), pre 1-407 (prot. 
C) f cir°) as described previously [Hinnen et al. (1978) 
Proc, Natl, Acad. Sci, USA 75:1929-1933] and plated onto 
Leu" sorbitol plates. Strain AB116 was isolated by 
curing S. cerevisiae strain BJ2168 of its 2 micron 
plasmid by standard methods. BJ2168 is available ' from 
the Yeast Genetic Stock Center, Department of Biophysics 
and Medical Physics, University of California, Berkeley 
94720. 

Cultures were grown as follows: a loopfull of 
cells from the individual colonies were inoculated into 
3 ml. of Leu", 8% glucose media and. incubated in an air 
shaker at 30°C for 16-18 h. The 3 ml culture was 
transferred to 40 ml of fresh Leu", 8% glucose media and 
incubated in an air shaker at 30° for 24 h. The 40 ml 
culture was transferred to 1 liter of YEP, 1% glucose 
media (or YEP, 2.5% Ethanol media for 2150-2-3 cells) 
and incubated in an air shaker at 30° for an additional 
48 h. The cells were harvested by centrif ugat ion and 
stored at -20°C. 

Expression of the SOD/env-4 fusion protein was 
analyzed by both polyacrylamide gel electrophoresis and 
western blot. Cells are disrupted by glass bead lysis 
method in 0.1 M NaPo4 (pH 7.4), 0.1% Triton lysis 
buffer. After lysis the soluble and insoluble fractions 
are separated by centrif ugat ion. The insoluble pellet 
is solubilized in Laenunli gel loading buffer and run on 
a 12.5% acrylamide SDS gel. Laemmli (1970) Nature 
227:680. A band migrating at approximately 44 Kd 
molecular weight (expected size of SOD/env-4 fusion 
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protein) was observed. This same band also reacted on a 
western blot with AIDS positive human sera but not with 
control sera. Expression levels of SOD/env-4 fusion 
protein were approximately equal for the two different 
strains. Protein purification was carried out 
essentially as described in Section 4.2.2.3. for env-2. 

4.2.5. vSOD/env-5b fusion protein 

The region of the envelope gene corresponding 
to amino acids alanine-557 through tryptophan-677 is 
termed env-5b as described in Section 3.6 and is also 
expressed as a stable fusion protein with hSOD in yeast. 
A Stu l- Sal l fragment containing most of the SOD gene 
^5 fused to the env-5b gene was removed from pSOD/env5b 
(Section 3.6) and cloned into pSl8 which had been 
previously digested with Stu I and Sai l and gel isolated 
to give pSI8/SOD-env5b. Plasmid pSl8 (described below) 
contains the ADH-2/GAPDH hybrid promoter and a-factor 
2 q terminator sequences flanking the SOD-insulin fusion 

gene. The resulting plasmid, designated pSl8/SOD-env5b, 
was digested with Bam HI and the fragment containing the 
promoter-ySODenv-5b fusion-terminator was isolated and 
cloned into the BamH I cut and phosphatased pAB24 to give 
2 5 pYSOD/env-5b f which was used to transform the yeast 
strain 2150, as described above. Expression of the 
ySOD/env-5b fusion protein was induced by diluting a 
starter culture into YEP containing 1% ethanol. 

Lysates were isolated and prepared as 
described above. A heavily expressed protein 
corresponding to the SOD/env-5 fusion was readily 
discerned in the insoluble fraction by Coomassie blue 
staining. This protein migrated at a molecular weight 
of approximately 30.6 kD, as predicted from its DNA 
sequence. This fusion protein was also subsequently 
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shown to have a high proportion of reactivity to AIDS 
patients' sera. 

Plasmid pSI8 is a derivative pYASIl, the 
latter being described in commonly owned U.S. patent 
application Serial No. 845,737, filed on 28 March 1986 
by Cousens et al. and EPO Pub. No. 196 f 056, the 
disclosures of which are expressly incorporated herein 
by reference. Essentially, pSI8 contains: The hybrid 
ADH-2/GAPDH promoter (as a 1.3 kb Bam-Nco fragment) 
derived from plasmid pJS104 (described below); an SOD- 
insulin fusion gene (as a 736 bp Nco-Sal fragment) 
derived from a derivative of pYSIl (U.S. S.N. 845,737); 
and the a-factor terminator isolated as a 277 bp Sall- 
Eco RI fragment in which the Eco RI site has been filled 
in with Klenow fragment and BamH I linkers ligated to 
give a Sal l- Bam HI fragment [Brake et al. (1984 ) Proc. 
Natl. Acad. Sci. USA 81:4642-4646]; all cloned into a 
pBR322 derivative in which the segment between Eco RI and 
Sai l is deleted and Bam linkers attached. Plasmid 
pJS104 is the same as plasmid pJS103 (Section 4.2.3.2), 
except that the GAPDH fragment of the ADH-2/GAPDH 
promoter is about 400 bp, as opposed to 200 bp. The 
construction of pJS104 was the same as pJS103, except 
that during the preparation of the GAPDH portion of the 
promoter, the 0.4 Kbp Bam dI- Eco RI fragment was partially 
digested with Alul to create a blunt-end near the BamH I 
site. 

4.2.6. Env 4-5 

The env 4-5 polypeptide corresponds to the 
region of the envelope gene which approximates the 
C-terminus of gpl20 and the N-terminus of gp41, amino 
acids 272 to 673 (Figure 5). Plasmid 
pBS24.1/SOD-SF2env4-5 was used to express the env 4-5 
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polypeptide as an SOD fusion protein under the 
regulatory control of the ADH-2/GAPDH promoter in yeast. 

4,2.6.1. Construction of pBS24 . l/SOD-SF2env4-5 

To construct plasmid pBS24 . l/SOD-SF2env4-5 a 
1.2 kbp Bql l I- Sal l fragment which corresponds to 
nucleotides 6603-7795 (see Figure 5) was isolated from 
pSV7dARV160T-tpa and ligated into pBS24/SOD-SF2env4 (see 
Section 4.2.4.3.) which had previously been digested 
with Bql l I and Sai l . Plasmid pSV7dARV160T-tpa is a 
plasmid which contains the HIV envelope gene to which 
two stop codons, a Hin di I I , and Sai l site had been 
introduced at position 7798 by M13 mutagenesis with the 
following mutagenic primer: 

5 1 -CTTTATATACGTCGACAAGCTTCATCAGCTAAACCAA-3 1 



4.2.6.2. Transformation and expression 

The plasmid pBS24 . l/SOD-SF2env 4-5 was 
transformed into yeast cells S. cerevisiae AB116 [mat a f 
leu 2, trp 1, ura 3-58, pro 1-1122 (prot. B), pep 4-3 
(prot. A) , pre 1-407 (prot. c), cir°] as described 
previously [Hinnen, et al. (1978) Proc. Natl. Acad. Sci. 
USA 75:1929-1933] and plated on Leu" sorbitol plates* 
The cultures were grown and expression analyzed as 
previously described in Section 4.2.4.4. Expression 
levels of the SOD/env4-5 fusion protein were 
approximately 15-20% of the insoluble protein fraction 
as estimated by Coomassie-blue staining of PAGE-treated 
samples. 

4.2.6.3. Protein purification 

Cultures of AB116 (pBS24 . l/SOD-SF2env4-5) were 
grown in 3 ml Leu 8% glucose medium overnight at 
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30°C. The 3 ml was inoculated into 50 ml Leu", 8% 
glucose medium for 24 h at 30°C. The 50 ml was then 
inoculated into 1 liter of YEP, 1% glucose and grown 
30-48 h for induction. of protein expression. The cells 
expressing SOD/env 4-5 were harvested and further 
processed as described for the purification of env-2 
(Section 4,2.2.3. ) • 

4.3. p31pol 

4.3.1. GAP/ADH2 promoter 

The ARV248NL fragment (Section 3.4.2.3) was 
cloned into pBSlOO previously cut with Ncol and Sai l . 
pBSlOO (below) is a bacterial vector derived from pAB12 
with a Bam HI cassette consisting of the GAP-ADH2 
promoter (i.e., the ADH-2/GAPDH promoter ) , an ARV-env 
gene as an Ncol-Sall fragment, and the GAP terminator. 
The BamH I cassette from a positive clone of 
pBS100/p31/GAP-ADH2 was cloned into pAB24 (Section 
4.2.2.1), a yeast vector with both ura and leu selection 
capabilities. Both orientations of the cassette in this 
vector were screened for and used to transform the yeast 
strain AB110 ( Mat a , ura 3-52 , leu 2-04 f or both leu 2-3 
and leu 2-112 , pep 4-3 , his 4-580 , cir°). These cells 
were plated in both ura" and leu" plates. Also, ura" 
cells were plated onto leu" plates. 

Three different induction procedures were 
done: (1). Ura" colonies patched on ura" plates were 
induced for 24 h in YEP/1% glucose. Both a Western and 
a polyacrylamide gel were run on these samples. Both 
results were negative. (2). Colonies from ura" plates 
patched on leu" plates were induced in either leu~/3% 
ethanol or YEP/1% glucose for 24 h. A Western and a 
polyacrylamide gel were run on these samples and the 
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results were also negative, (3). Colonies from leu 
plates patched on leu" plates were induced in either 
leu"/3% ethanol or YEP/1% glucose for 24 h. The 
polyacrylamide gel showed a negative result. No Western 
was run on these samples. 

Plasmid pBSlOO is a yeast expression cassette 
vector cloned into a pBR322 derivative, pAB12. The 
expression cassette contains the hybrid ADH-2/GAPDH 
promoter and the GAPDH terminator flanking a gene 
segment from the envelope gene. The ADH- 2 / GAPDH 
promoter is a 1200 bp BamH I- Nco l fragment isolated from 
pJS103 (Section 4.2.3.2) and the GAPDH terminator is a 
900 bp Sal l- BamH I fragment isolated from plasmid pPGAPl 
(Section 4.2.1.1). Plasmid pBSlOO also contains a non- 
essential fragment between the Ncol and Sai l sites which 
is replaced by gene fragments of interest. The: 
expression cassette can be removed from pBSlOO by 
digestion with BamH I and cloned into yeast shuttle 
vectors for introduction into yeast cells. 

Plasmid pAB12 is a pBR322 derivative lacking 
the region between the single Hindi 1 1 and Sai l sites and 
containing a BamH I linker inserted between the unique 
Eco RI site. This vector was constructed by digesting 
pBR322 to completion with Hindi I I and Sail, followed by 
limited digestion with Bal31 nuclease, repair of the 
ends so created with the Klenow fragment of E^_ coli DNA 
polymerase I r and blunt-end ligation with T4 DNA ligase 
to reform closed covalent circles. The plasmid was then 
opened up with EcoRI , treated with the Klenow fragment 
of coli DNA polymerase I (to fill-in the 5' 
overhangs), blunt-end ligated with BamH I linkers, 
digested with BamH I to remove excess linkers, and then 
~ ligated to form closed circles. 
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4.3.2. GAP promoter 

The pBS100/p31/GAP-ADH2 plasmid was cut with 
BamH I and Ncol and the fragment containing the p31 gene 
(Ncol-Sall ) and the GAP terminator (Sal I -BamHI ) was gel 
purified. pCl/l-alpha 1 antitrypsin/GAP was also cut 
with Ncol and Sail and the fragment including the GAP 
promoter ( Nco I- Bam HI ) and a portion of pCl/1 ( BamHI - 
Sail ) was gel isolated as well. Both fragments were 
ligated with the yeast vector pCl/1 previously cut with 
BamHI and Sail. The BamHI cassette can only be cloned 
in a single orientation in this case. The resulting DNA 
was used to transform yeast strains AB110 and P017 (Mat 
a, leu 2-04 , cir°) and the cells were plated on leu" 
plates. The transformation using strain P017 gave no 
transf ormants . 

Colonies from leu" plates were grown in 3 ml 
of leu"/2% glucose for 24 h. Yeast was analyzed on 
polyacrylamide gels stained by Coomassie Blue with 
negative results. No Western was run on these samples. 

4.3.3. SOD-P31 fusion protein 

The construction of the p31pol expression 
vector is shown schematically in figure 23. The DNA and 
amino acid sequences of the SOD/p31 insert are shown in 
figure 24. 

4.3.3.1. PC1/1-PSP31-GAP-ADH2 

For the construction of a gene for a fused 
protein SODrp31 to be expressed in yeast, plasmid 
pSI4/392 was used. This plasmid contains the SOD gene 
fused to the proinsulin gene under the regulation of the 
ADH-2/GAP promoter. The proinsulin gene is located 
between EcoRI and Sail restriction sites. To substitute 
the proinsulin gene with the ARV248NL (Section 3.4.2.3) 
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fragment, two oligomers designated ARV-300 and ARV-301, 
respectively, were synthesized using phosphoramidite 
chemistry. The sequences generate cohesive ends for 
EcoRI and Nco l on each side of the molecule when the two 
oligomers are annealed. ARV-300 and ARV-301 have the 
sequences: 



ARV-300 5' AATTCAGGTGTTGGAGC 

GTCCACAACCTCGGTAC 5' ARV-301 

10 

Two micrograms of pSI4/39-2 linearized with 
Eco RI were ligated to 100 picomoles each of 
phosphorylated ARV-300 and dephosphorylated ARV-301 in 
the presence of ATP and T4 DNA ligase in a final volume 

15 of 35 yl. The reaction was carried out at 14°C for 

18 h. The DNA was further digested with Sai l and the 
fragments were resolved on a 1% low melting point 
agarose gel and a fragment containing the vector plus 
the SOD gene (-6.5 kb) was purified as described above 

20 and resus'pended in 50 yl of TE. Five yl of this 

preparation were ligated to 5 yl of ARV248NL in 20 yl 
final volume for 18 h at 14°C and 5 yl used to transform 
competent HB101 cells. The resultant plasmid was called 
pSP31. Twenty yg of this plasmid were digested with 

25 Bam HI and a fragment of about 2900 bp was isolated by 
gel electrophoresis, resuspended in TE and ligated to 
pCl/1 previously cut with BamHI. This DNA (the 
pCl/l-pSP31-GAP-ADH2 derivative) was used to transform 
HB101 and transformants with the BamH I cassette were 

30 obtained/ 

4.3.3,2, Transformation and expression 

Yeast strains 2150 f P017 r and AB110 were 
transformed with the pCl/l-pSP31-GAP-ADH2 derivative, 
both short and long orientations. The strain 2150 gave 
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no transf ormants • All other transformants were patched 
on leu~ plates. 

Yeast strain P017 (Mat a, leu 2-04 , cir°) was 
5 obtained by isolating a spontaneous revertant strain 

21502-3 (Mat a f ade 1, leu 2-04 f cir°). To isolate the 
revertant P017 r 2150-2-3 yeast cells were grown in YEPD, 
washed in medium without adenine and about 6 x 10® cells 
were plated onto six adenine minus (ade~) plates. Four 

IQ candidate revertants were tested for other genetic 
markers by stealing on plates without uracyl (ura~), 
plates with no leucine (leu"), and minimal plates plus 
leucine. Growth was observed on ura" and minimal plus 
leu plates; no growth was observed on leu" plates. 

15 Revertants were crossed with strain AB103.1 (Mat a, pep 
4-3, leu 2-3, leu 2-112, ura 3.52, his 4-580) to 
determine if the reversion was due to extragenic 
suppression. Based on tetrad analysis, none of the four 
independent ade + revertants were due to extragenic 
^ 20 suppression. Based on good growth and high spore 

viability, one of the revertants was selected and named 
P017. 

Three different kinds of inductions were 
tried: (1). P017 colonies were induced in either a 10 
25 ml culture of YEP/1% glucose or a leu~/3% ethanol 

culture for 24 h. The yeast pellets were analyzed by 
both polyacrylamide gels and Westerns and even though 
the Coomassie-stained gel showed a negative result, the 
Western did light up a band of the correct molecular 
weight with both induction methods. (2). P017 colonies 
were induced in a 30 ml culture of YEP/1% ethanol for 48 
h. Aliquots were analyzed by PAGE at various time 
points during the induction. The Coomassie-stained gel 
shows a band in the correct molecular weight range (47- 
50 kd) that appears after 14 h in YEP/1% ethanol and 
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reaches a maximum intensity at 24 h of induction. The 
Western result correlates well with the Coomassie- 
stained gel f showing strong bands at 24 and 48 h. (3). 
AB110 colonies were induced in either leu~/3% ethanol or 
YEP/1% glucose for 24 h. PAGE and Westerns were run and 
the results were negative for the PAGE and positive for 
the Western, in both induction methods. 

Expression and immunoreact ivi ty were 
characterized as described below. 

Cells from one patch P017 (pCl/l-pSP31-GAP- 
ADH2) were inoculated in 50 ml of leu~/7.1% glucose and 
grown overnight at 30°C. The saturated culture was 
inoculated into 500 ml of the same leu~/7.1% glucose 
medium and incubated overnight at 30°C. The saturated 
500 ml culture was used to inoculate a 10 L fermenter 
with YEPD. Cells were then harvested: about five days 
later. 

A sample of cells from the fermenter were 
analyzed by PAGE electrophoresis to determine expression 
levels of p31-SOD. In addition, Western analysis using 
a Trimar serum was performed on the samples to determine 
its immunoreact ivi ty. 

The following procedure was used to prepare 
samples for PAGE and Westerns: 

a. Cells (4g) were resuspended in 7 ml of 
lysis buffer (50 mM Tris-HCl, pH 8.0, 1 mM EDTA, 150 mM 
NaCl, 1 mM PMSF) in a centrifuge tube and 4 ml of yeast- 
size glass beads were added. 

b. Cells were vortexed at top speed in a VWR 
vortex for 10 minutes (1 min. on ice, 1 min. vortexing) . 

c. The cell lysate was centrifuged at 18,000 
rpm (39,000 x g) for 10 minutes in a JA 20 rotor. Both 
insoluble (pellet) and soluble (supernatant) fractions 
were further analyzed. c 
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d. The supernatant was diluted in sample 
buffer (1/4 dilution) , boiled 10 minutes and cooled to 
room temperature. 

e. The pellet obtained in "c" was boiled 
during 10 minutes in sample buffer (5 ml) and cooled to 
room temperature. The mixture was centrifuged at 18,000 
rmp (39,000 x g) for 15 minutes in a JA 20 rotor. The 
supernatant was recovered and was diluted 1/4 in sample 
buffer. 

f. Samples from the supernatant (obtained in 
"d") and solubilized pellet (obtained in n e") were 
loaded on a 12% PAGE. A band corresponding to SOD-p31 
(between MW 68 and 43 Kd) was present in the insoluble 
fraction (samples of solubilized pellet). 

Immunoreactivity of SOD-p31 band was tested by 
Western Analysis using serum Trimarr.0036 from an AIDS 
patient. For this purpose, proteins were fractionated 
on a 12% PAGE as previously described and transferred to 
nitrocellulose filter paper. The filter paper was then 
treated with serum 0036, followed by a second goat anti- 
human antibody conjugated with horseradish peroxidase 
(HRP). Color was developed using an HRP substrate. 
Bands corresponding to p31-SOD were present in samples 
corresponding to the insoluble (Pellet) fractions. 
Bands of smaller size, present in both soluble and 
insoluble fractions, also react with the sera and most 
probably correspond to degradation products of SOD-p31. 

4,3,3.3. Purification and characterization 

Frozen bacteria (Section 3.5) or yeast cells 
expressing the p31-SOD fusion protein are thawed at room 
temperature and suspended in 1.5 volumes of lysis buffer 
(20 mM Tris-Cl, pH 8.0, 2 mM EDTA, 1 mM PMSF, for 
bacteria; 50 mM Tris-Cl, pH 8.0, 2 mM EDTA, 1 mM PMSF 
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for yeast), and mixed with 1 volume of acid-washed glass 
beads. 

- Cells are broken for 15 min in a 
non-continuous mode using the glass chamber of a 
Dynomill unit at 3,000 rpm, connected to a -20°C cooling 
unit. Glass beads are decanted for 2-3 min on ice, the 
cell lysate is removed. The decanted glass beads are 
washed twice with 30 ml of lysis buffer at 4°C. The 
cell lysate is centrifuged at 39 f 000 x g for 30 min. 

The pellet obtained from the above 
centrifugation is washed once with lysis buffer, after 
vortexing and suspending it at 4°C (same centrifugation 
as above). The washed pellet is treated with 0.2% SDS 
(for bacteria) or 0.1% SDS (for yeast) in lysis buffer 
and agitated by rocking at 4°C for 10 min. The lysate 
: is centrifuged at 39,000 x= g for 30 min. The pellet is 
boiled in sample buffer (67.5 mM Tris-Cl, pH 7.0, 5% 
B-mercaptoethanol, 2.3% SDS) for 10 min and centrifuged 
for 10 min at 39,000 x g. The supernatant is recovered 
and further centrifuged at 100,000 x g for 60 min (60 Ti 
rotor). This step is replaced by a 0.45 urn filtration 
when yeast is used. The supernatant from the above 
centrifugation is loaded (maximum 50 mg of protein) on a 
gel filtration column (2.5 x 90 cm, ACA 34 LKB) with a 
flow rate of 0.3-0.4 ml/min, equilibrated with 
phosphate-buffered saline (PBS), 0.1% SDS. The 
fractions containing SOD-p31 are pooled and concentrated 
either by vacuum dialysis or using a YM5 Amicon membrane 
at 40 psi. The protein is stored at -20°C as 
concentrated solution. 

Gel electrophoresis analysis shows that the 
SOD-p31 protein migrates having a molecular weight of 
about 46 kd and is over 90% pure. 
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4.4, Reverse transcriptase (RT) 

The AIDS retroviral reverse transcriptase (RT) 
is an RNA-dependent DNA polymerase found in virions in 
low quantities. RT is encoded within a domain of the 



viral protease. 

The amino terminal sequence of HIV RT has been 
reported [Veronese et al. (1986) Science 231:1289-1291] 
and corresponds to proline-156 of the polymerase gene 
(nucleotide 2403, Figure 5). The carboxy terminal end 
of the RT gene is estimated to be at valine-69L 
(nucleotide 3708) . 

4«4.1. PAB24/RT4 expression vector 

A 6.1 kb EcoRI fragment of cloned proviral DNA 
was cloned into pUC19 at the Eco RI site and designated 
pUC-ARV8A. Plasmid pUC-ARV8A was digested with Ball and 
Kpn l which liberates a 1535 bp fragment containing 
coding sequence for amino acids proline-180 through 
tryptophane-690. This fragment was extended, using 
synthetic oligonucleotides, to include proline-164 at 
the N-terminus and alanine-693 at the Oterminus. The 
synthetic DNA also provides a methionine initiation 



addition of synthetic oligonucleotide adapters. The 5' 
synthetic DNA has the following sequence: 



viral pol gene. The mature enzyme is derived by 
proteolytic processing from a large polypeptide 
precursor whose cleavage is thought to be mediated by a 



codon . 



The RT-encoding fragment was modified by the 
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5 • - C ATGCCT ATCTCTCC AATCG AAACCGTC 
3 • -GGATAGAGAGGTTAGCTTTGGCAG 

CCAGTCAAGCTTAAACCAGGTATGGATGGG 
GGTCAGTTCGAATTTGGTCCATACCTACCC 

CCCAAGGTCAAGCAGTGG-3 ' 
GGGTTCC AGTTCGTC ACC - 5 ' 

The 3 f adaptor was a Kpn I/ Sal l adaptor with an in-frame 
stop codon having the following sequence: 

5 ' -CAGCATAG-3 1 
3 1 -CATGGTCGTATCAGCT- 5 1 

The 5' adaptor contains a Hin dlll site within the 
initiation codon so that digestion with Hin dlll and Sai l 
can facilitate subsequent cloning of the RT sequence 
into additional expression vectors. 

The synthetic linkers and the cloned DNA were 
ligated by standard techniques into the vector pPGAPl 
(Section 4.2.1.1) which had been previously digested 
with Ncol-Sall and gel isolated. The resulting 
expression cassette containing the GAPDH promoter, the 
RT gene, and GAPDH terminator was excised with BamH I and 
cloned into pAB24 which had been previously digested 
with BamH I and treated with alkaline phosphatase. The 
resulting expression plasmid was designated pAB24/RT4 
and is shown in Figure 20. 

4.4.2. Transformation and expression 

Plasmid pAB24-RT4 was used to transform yeast 
strain AB110, and leucine prototrophs grown in leucin- 
deficient media to 3ml , followed by growth in YEPD to 
the 1 1 level. Travis et al. (1985) J. Biol. Chem. 
260:4384-4389. 
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4,4.3, Purification 

Cells from all culture were pelleted by 
centrif ugat ion at 2 f 500 rpm for 10 min. The cell pellet 
was resuspended in 300 ml of 50mM Tris-HCl, pH 7,5, 14mM 
B-mercaptoethanol, 1.2M sorbitol, and 200 ug/ml 
Zymolyase. Spheroplast formation, monitored by light 
microscopy, was allowed to proceed for 90 min at 30°C. 
After a low speed centrif ugat ion, the pelleted 
spheroplasts were lysed in 40 ml of a buffer containing 
50mM Tris-HCl, pH 7.5, 0.1% Triton X-100, and ImM DTT at 
room temperature. The yeast lysate was clarified by 
centrif ugat ion at 20,000 rpm for 2 hours and the 
supernatant was fractionated by stepwise NH4SO4 
precipitation. Greater than 90% of RT activity was in 
the 0-30% NH4SO4 insoluble fraction. This NH4SO4 pellet 
was resuspended in 20ml of reverse transcriptase buffer 
(RTB; 50mM Tris-HCl, pH 7.5, 2mM B-mercaptoethanol, 
0.2mM EDTA, 0.1% Triton X-100, 20% vol/vol glycerol) 
containing 50mM KC1. An Amicon pressure filtration 
device was used for desalting. The extract was then 
applied to a cellulose phosphate column (Sigma C-2383) 
(2.5 cm x 30 cm) preequilibrated in RTB containing 50 mM 
KC1. The column was washed with 100ml of the same 
buffer. A linear gradient of 50 to 800 mM KC1 in RTB 
was used for elution. Individual fractions were 
monitored for RT activity. The peak fractions of RT 
activity were between 150 and 225 mM KC1. This material 
(about 15ml total) was pooled, desalted by Amicon 
filtration using RTB containing 50mM KC1, and then 
applied to a single-stranded DNA cellulose column (Sigma 
D-8273) (1.0 cm x 10cm) preequilibrated in RTB at 50mM 
KC1. The column was washed with 30 ml of this buffer 
and eluted with a linear gradient of RTB from 50 to 800 
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mM KC1. Fractions were monitored for RT activity and 
peak fractions were pooled. 

4.4.4. Electrophoresis and immunoblott inq 

Recombinant RT was analyzed by polyacrylamide 
gel electrophoresis and immunoblott ing techniques using 
AIDS patients' sera. The recombinant protein gave an 
apparent gel mobility of approximately 66 kD, indicating 
an extremely close approximation to the native p66 
species, and in good agreement with the calculated 
molecular weight of 62.5 kD. It was also noted that 
during purification, processing of this 66 KD protein 
occurred giving a second major species with an estimated 
molecular weight of 51 + 1.5 KD. This processing is 
presumably due to a yeast protease since the region 
thought to encode ARV protease was not included in this 
expression construction. Previously, HIV qaq - pol 
fusions expressed in yeast were shown to be processed 
when this protease region was included. Kramer et al. 
(1986) Science 231:1580-1584. That the p66 and p51 
species produced in yeast had identical N-termini 
(Pro. lie, Ser. Pro. lie, etc.) was confirmed by gas phase 
sequence analysis of the purified proteins (15 cycles; 
as a mixture, Panel A, lane 3). Thus, yeast may mimic 
the natural maturation processes for HIV RTs, giving 
rise to both p66 and p51. The sequence analysis also 
showed that the N-termini methionine derived from the 
synthetic initiation codon was removed in vivo . 
Interestingly, the processing observed in yeast may 
indicate that HIV protease is not necessarily required 
for this processing event in vivo . Preliminary 
immunoblot analysis of recombinant RT also indicates a 
high degree of reactivity with AIDS sera. Of 20 sera 
tested, 19 scored positive. 
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4.4.5. RT activity assay 

Analysis of recombinant RT activity by 
enzymatic assay was performed on crude yeast lysates and 
the purified enzyme. Cruse lysate was prepared as 
follows. Cells from 25 ml culture were pelleted by 
centrifugation at 2,500 rpm for 10 min. The cell pellet 
was resuspended in 7,5 ml of 50mM Tris-HCl, pH 7,5, 14mM 
B-mercaptoethanol, 1.2M sorbitol, and 200 yg/ml 
Zymolyase. Spheroplast formation, monitored by light 
microscopy, was allowed to proceed for 90 min at 30 °C. 
After a low speed centrifugation, the pelleted 
spheroplasts were lysed in 1 ml of a buffer containing 
50mM Tris-HCl, pH 7.5, 0.1% Triton X-100, and ImM DTT at 
room temperature. The yeast lysate was clarified by 
centrifugation. 



isolated from virions [Veronese (1986) Science 
231:1289-1292], the relative activity of yeast-derived 
RT was assayed using various primer template 
combinations. Thus, relative to (dT)~s* (rA) n (100%), 
the enzyme activity with (dT)~5»(dA) n was 4.3%, with 
(dG)~is* (rC) n was 71.1%, and with (dG) ~is« ( rC m ) n was 
2.4%. Yeast extracts form cells containing control 
plasmids gave background levels of incorporation, 
excluding the possibility of host-encoded RT activity. 
In all cases, the enzyme reactions were linear for 
greater than 90 minutes. The results are shown in the 
following table: 



Using the assay conditions described for RT 



Time 



cpm Incorporated 



10 f 
20' 
30' 
40V 



860 
2110 
2720 
4046 
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50' 3834 

. 60' 5360 

90 8284 

120' 10626 

160' 11814 

180' 11750 

Kinetics of recombinant reverse transcriptase activity: 6 \il of RT 
sample incubated at 37°C with 50 mM Tris-HCl, pH 7-8; 10 mM MgCl2; 
10 mM DTT; 0.1M NaCl; O.lmM [ 3 H] dTTP and 15 \xg of (dT) -15 • (rA) n 
in a total volume of 300y 1. 25 \xl aliquots were removed at 
indicated times and trichloroacetic acid precipitated on glass 
filters, washed, and dried, and their radioactivity was determined 
with a Beckman scintillation counter. 

4.5. p25qaq 



4,5.1. Host-vector system 

Protein p25gag is synthesized by Saccharomyces 
cerevisiae AB110 transformed with plasmid pCl/l-p25-ADH- 
GAP. : Piasmid pCl/l-p25-ADH-GAP is a yeast expression 
vector which contains the sequence coding for p25gag 
[Sanchez-Pescador et al. (1985) Science 227 :484] as well 
as pBR322 sequences including the ampicillin-resistant 
(amp R ) gene and 2 micron (2y) sequences [Broach, in 
Molecular Biology of the Yeast Saccharomyces , Vol. 1, 
p. 445 (Cold Spring Harbor Press, 1981)], including the 
yeast leucine (leu) 2-04 gene. 

Expression of p25 is non-constitutive and it 
is under regulation of a hybrid ADH-2/GAPDH promoter 
derived from promoter sequences of the yeast alcohol 
dehydrogenase gene ( ADH2 ) [Beier et al. (1982) Nature 
300:724-728] and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) [EPO Pub. No. 120 f 551] and of the 
GAPDH terminator. Induction of p25 expression is 
achieved by low concentration of glucose in the growth 
medium. Yeast strain cerevisiae AB110 has the 
following genotype: Mat a, ura3-52 f leu2-04, or both 
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leu2-3 and leu2-112, pep4-3, his4-580, cir°. This 
strain was obtained as described below. 

4.5.2. Saccharomyces cerevisiae AB110 

Yeast strain S. cerevisiae 2150-2-3 (available 
from Lee Hartwell, University of Washington) was crossed 
with yeast S. cerevisiae strain AB103.1 transf ormant 
containing pCl/1 derivative. The diploids were 
sporulated and the tetrads dissected. Strains were 
maintained on leucine selective plates in order to 
ensure maintenance of the plasmid, since the parents are 
auxotrophs. A series of colonies were screened for 
their genotype with respect to a number of markers 
(Mat a, ura3, leu2, pep4-3). 

The strain AB110 has the following genotype: 
Mat. a, ura3-52, leu2-04 or both leu2-3 and leu2-112, 
pep4-3 f his4-580, cir°,and is obtained by curing the 
above strain AB110 (pCl/1 derivative) of its resident 
plasmid by growth in the presence of leucine (absence of 
selective pressure) and then selection for leu" colonies 
by replica plating. 

j 

4.5.3. PC1/1-P25-ADH-GAP 

Plasmid pCl/l-p25-ADH-GAP is a yeast 
expression vector which contains an "expression 
cassette" (see below) for p25gag cloned into the Bam HI 
site of vector pCl/1. Vector pCl/1 was previously 
described (Section 4.1.2). 

An "expression cassette" for p25gag consists 
of the following sequences fused together in this order 
(5 1 to 3'): yeast hybrid ADH-2/GAPDH promoter, a gene 
for p25gag f and GAPDH terminator. Figure 21 shows a 
schematic of the construction of, pCl/l-p25-ADH-GAP. The 
fragment shown at the top of the figure, containing 
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p25gag, was constructed from ARV-2 DNA, in which the 
sequences coding for leu (position 7) to an Sph I site at 
gly (position 90) (see figure 22 for amino acid numbers) 
were repeated by synthetic DNA. A Pst I site (encircled 
in the figure) was inserted at leu (position 7) by 
replacing the natural CTA with a CTG codon. A natural 
Pst I site at Ala79 was removed by making a silent third 
position change (dA to dC) in this codon. Two stop 
codons (indicated by an arrow) and a Sai l site (circled) 
were placed adjacent to the C-terminal leu (position 
232) codon by substituting synthetic DNA from the ScrF I 
site at pro (position 225) to the Sai l using synthetic 
oligonucleotides. An additional methionine codon 
(indicated with an asterisk) was used as the initiation 
codon. The Pstl-Sall fragment had been previously 
cloned, in the construction of pGAG25-10 (see Section 
3.1.2. and Figures 7 & 8). 

To construct the yeast expression vector, a 
682 bp Pst l- Sal l fragment containing the p25gag gene was 
isolated from plasmid pGAG25-10 (Section 3.1.2) and 
ligated with a synthetic Nco I- Pst I linker, which has the 
following sequence: 



Met Pro He Val Gin Asn Leu Gin 
5' 3' 

C ATG CCT ATA GTG CAG AAT CTG CA 169/24 

(Nco) GGA TAT CAC TGC TTA G Pst 170/16 
3' 5' 

This was cloned into pBSlOO (Section 4.3.2) which had 
30 been previously digested with Nco l and Sai l and gel 
isolated. The BamH I expression cassette was excised 
from the resulting plasmid and ligated into BamH I 
digested and phosphatased treated pCl/1 to yield pCl/1- 
p25-ADH-GAP. The p25gag produced in yeast differs from 
that produced in E. coli . (Section 3.1.) by the presence 
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of the naturally occurring proline after the methionine 
at the N-terminus . 

Figure 22 shows the nucleotide sequence of the 
p25gag insert cloned in pCl/l-p25-ADH-GAP and the amino 
acid sequence derived from it* DNA sequences that are 
not underlined in the p25 region are derived directly 
from the ARV-2 proviral DNA. Underlined sequences were 
chemically synthesized by the phosphoramidi te method as 
originally described by Beaucage & Caruthers, (1981) 
Tetrahedron Lett. 22:1859. 

4.5.4. Transformation and expression 

Yeast cells were transformed following the 
procedure of Hinnen et al. (1978) Proc. Natl. Acad. Sci. 
USA 75:1929. The transformation mix was plated onto 
selective leu" agar plates. Plates were incubated at 
30°C for 2 to 4 days. 

Single transformant colonies were transferred 
into leu", 8% glucose medium and grown at 30 °C until 
saturation. For induction of expression, a 1/25 
dilution of the saturated culture into YEP/1% glucose 
was made and the cells were grown to saturation. Cells 
were harvested, lysed with glass beads and the insoluble 
material was collected by centr if ugation. The pellet 
was resuspended in gel sample buffer and boiled. 
Extracts were fractionated on standard denaturing 
acrylamide gels. Laemmli (1970) Nature 227 :680. 
Proteins were visualized by staining with Coomassie 
blue. 

The extent of expression was initially 
determined by appearance of a new protein of the 
expected molecular weight in extract of transf ormants 
harboring pCl/l-p25-ADH-GAP as compared with control 
extracts (cells transformed with vector without p25gag 
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insert). Inununoreact ivity of the p25 protein was 
determined by standard western analysis [Towbin et al. 
(1979) Proc. Natl, Acad. Sci. USA 76:4350] using human 
serum from an AIDS patient. The western analysis showed 
immune reaction of a protein of about 25,000 daltons. No 
reaction was observed with non-immune serum. 

For preparation of a master seed stock, 
transformant cells were streaked onto a leu" plate and 
incubated at 30°C for 2 days. Five single colonies were 
picked and individually inoculated into 5 ml of leu , 8% 
glucose liquid medium and grown overnight at 30°C. A 1 
ml aliquot was used to test expression of p25 and 15% 
glycerol was added to the rest of each culture. Glycerol 
cell stocks were aliquoted into 1 ml vials, labeled and 
quickly frozen in liquid nitrogen. Aliquots of the 
culture corresponding to the highest expressor were 
selected as the master seed stock and stored at -70°C. 
The seed stock was tested for absence of bacterial 
contamination. 

4.5.5. Protein Purification . 

Cells from the patch which gives highest 
expression of p25 were used to inoculate 40-60 ml of 
leu", 7.1% glucose medium. Cultures were grown to 
saturation at 25-35°C with agitation. An aliquot (10-50 
ml) of the first culture were added to 400-600 ml of 
leu" 7.1% glucose medium. Cultures were grown to 
saturation at 25-35°C with agitation. An aliquot 
(100-500 ml) of the second inoculum was added to 8-12 L 
of YEP/1% glucose containing 1 ml of antifoam in a 16 L 
fermentor. Cultures were grown for 24 to 48 hours at 
25-35°C with agitation. Following fermentation, the 
approximately 8-12 L of yeast culture were centrifuged 
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through a .continuous flow centrifuge, and the cells were 
harvested. 

Frozen (or refrigerated) packed cells (50-150 
g portions) were thawed and suspended in Lysis Buffer (1 
mM PMSF, 2 mM EDTA, 150 mM NaCl, 50 mM Tris-HCl, pH 8.0; 
total volume of cells and Lysis Buffer = 280 ml), and 
160-170 g of acid-washed glass beads were added. Cells 
were broken in a non-continuous system using a 300 ml 
glass unit of a Dyno-mill at 3,000 + 500 rpm for 10-25 
minutes. The exterior jacket temperature of the Dyna- 
mill was maintained at -15° to -20°C by an ethylene 
glycol solution. Glass beads were allowed to settle by 
letting the mixture sit on ice. The cell lysate was 
decanted. Glass beads were washed with Lysis Buffer and 
the wash was added to the cell lysate. The lysate was 
centrifuged at 39,000 xg (30-70 minutes, depending on 
rotor) for 30 minutes. The pellet was discarded, and 
the soluble fraction was further centrifuged at 100,000 
x g for 60 minutes at 2-8°C. The fatty layer (about 1/4 
of total volume) was aspirated off. The supernatant was 
decanted, and the pellet was discarded. 

The soluble fraction obtained in the previous 
step was diluted ten fold by adding 9 volumes of 0.03 M 
Tris-HCl, 1 mM EDTA, pH 9.0. The pH of the diluted 
.soluble fraction was adjusted to 9.0 + 0.5, then the 
material was chromatographed at 4-8 °C on a DEAE Sephacel 
column equilibrated with 0.03 M Tris-HCl, 1 mM EDTA, pH 
9.0. Material was eluted using the same buffer; 
absorbance of the eluate was monitored at 280 nm, and 
20-25 ml fractions were collected. Fractions were 
assayed by SDS-PAGE, and those containing p25 protein 
were pooled. 

The pooled fractions were concentrated to a 
protein concentration of 20-25 mg/ml by ultrafiltration 
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in an Amicon unit under N2 pressure. The concentrate 
was chroma tographed on an ACA54 (LKB) column 
equilibrated with at least 1 column volume of 0.03 M 
5 TrisHCl, 1 mM EDTA, pH 9.0. Material was eluted using 
the same buffer; absorbance of the eluate was monitored 
at 280 nm, and 10-30 ml fractions were collected. 
Fractions containing p25 protein as determined by SD- 
PAGE were pooled. The fraction pool was concentrated to 
10 approximately 1-2 mg/ml total protein by ultrafiltration 
in an Amicon unit under N2 pressure. Protein 
concentration of the Bulk p25 was adjusted to 1.2-1.8 
mg/ml (based on Lowry assay) . 

15 4.6. p53qaq 

The gag proteins from the HIV retrovirus are 
derived from a gag precursor polypeptide, designated 
p53gag. By combining HIV DNA derived from pUC-8A, (a 
subclone containing the insert from XARV-2 (8A) cloned 

20 into pUC19) with synthetic oligonucleotides and cloning 
into a yeast expression vector the complete p53gag 
precursor protein was synthesized by yeast. 

4.6.1. Construction of t>Cl/l-GAP-p53 

A 1424 bp Sac I- BqI II fragment was gel isolated 
from pUC-8A. This fragment corresponds to nucleotides 
225 to 1650 as shown in Figure 5. The Sacl-Bglll 
fragment was further digested with Hgal and then ligated 
with the following oligonucleotide linker: 

5 ' - GCCCTTTGGG AAACC AT - 3 ' 
3 ' -CGGGAAACCCTTTGGTACCCAC- 5 ' 

The ligated linker fragment was digested with Ncol and 
Ball I and then cloned into pPGAP-IGFl which had 
previously been digested with Ncol and Bglll. The Ncol 
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site of the linker functions to regenerate the 
N-terminal methionine of p53. Plasmid pPGAP-IGFl is 
plasmid pPGAPl as described in Section 4.2.1.1. with a 
220 bp Ncol-Sall fragment encoding IGF-I. The IGF-I 
sequences only serve as a matter of convenience due to 
the presence of a Bql l I site 60 bp from the 3' end of 
the insert. The resulting plasmid, pPGAP-p53/IGFl , was 
digested with B^lII and Sail and ligated with a 201 bp 
synthetic oligonucleotide fragment which encodes the 
C-terminus of the p53 protein to give plasmid pPGAP-p53. 
The 1505 bp Nco l- Sal l fragment contains the entire 
coding region of p53 from amino acid methionine-1 to 
glutamine-502 . Plasmid pPGAP-p53 was digested with 
BamH I to isolate the expression cassette containing the 
GAPDH promoter -p53 gene -GAPDH terminator as a 2843 bp 
BamH I fragment which was then, cloned into pCl/1 which 
had previously been digested with BamHI . The resulting 
plasmid was called pCl/l-GAP-p53 . 

4.6.2. Transformation and expression 

S. cerevisiae strain JSC302 was constructed by 
transforming strain AB116 to G418 resistance with 
plasmid pDM15 (Figure 14). Plasmid pDMlS consists of 
Kluyveromyces lact is ADH1 promoter and terminator 
sequences flanking the G418 gentf, pBR322 sequences, and 
a GAP promoter-ADRl expression cassette. This 
integrating plasmid was targeted to the ADR1 locus. 

Plasmid pCl/l-GAP-p53 was transformed into 
yeast strain cerevisiae JSC302 following the 
procedure of Hinnen et al.(1978) Proc. Natl. Acad. Sci. 
USA 75:1929. The transformation mix was plated onto 
selective leu" agar plates. The plates were incubated 
at 30°C for 2 to 4 days. Single transf ormant colonies 
were transferred into leu", 8% glucose medium and grown 



2300013701 



-123- 




2300-0137 
PATENT 



10 



15 



20 



25 



at 80°C until saturation. For induction of expression, 
a 1/25 dilution of the saturated culture into YEP, 1% 
glucose was made and the cells were grown to saturation. 
Cells were harvested, lysed with glass beads and the 
insoluble material was collected by centrif ugat ion. The 
pellet was resuspended in gel sample buffer and boiled. 
Extracts were fractionated on standard denaturing 
polyacrylamide gels. Proteins were visualized by 
staining with Coomassie blue dye. A band of the 
appropriate molecular weight for p53 was present in the 
cultures transformed with pCl/l-GAP-p53 but not in 
control extracts of JSC302. 

4.6.3. Protein purification 

Cultures of JSC302 (pCl/l-GAP-p53 ) were grown 
under the: conditions described above except that the 
culture in YEP, 1% glucose was allowed to grow for only 
24 hours. Cells were harvested and processed using the 
glass bead lysis procedure with Triton lysis buffer. 
Triton Lysis Buffer (0.1%, Triton X-100 (10 mM Tris HC1 
8.0), 62.5 mM EDTA pH 8.0, 50 mM, Tris HC1 pM 8.0). The 
proteins were precipitated with 40% NH2SO4. The pellet 
was resuspended in H x O and dialyzed with 50 mM phosphate 
pH 7.0, 1 mM EDTA, 1 pg/ml Leupeptin, 1 ug/ml Leupeptin, 
1 yg/ml Aprotinin, 1 mM PMSF (Phenylmethyl- 
sulfonylf luoride) . 

The solution is applied to a Mono-Q resin 
(Pharmacia) on a FPLC column (Pharmacia). The column is 
eluted with a 0-1M NaCl gradient. Fractions are 
collected and analyzed by Coomassie staining western 
blot analysis for the presence of p53. The peak 
fraction is made up to 20% glycerol. The column may be 
repeated to obtain higher purity of the protein. 
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5. Immunoassay for Anti-HIV Abs Using Recombinant 
HIV Polypeptides 

Diagnostic assays based on the EL ISA technique 
and employing recombinant ly produced viral antigens have 
been developed for the detection of antibodies to HIV. 
Micro titer plate based ELISAs and an immunoblot strip 
ELISAs have been configured which use either three or 
four recombinant viral antigens: the major core protein 
p25gag, the endonuclease region of the viral polymerase 
gene p31pol, and one or two polypeptides from the 
envelope gene, either from gpl.20 and/or gp41 coding 
regions. 

5.1. EL ISA- A 

5.1.1. Assay Protocol 

Stock solutions of purified p25gag protein 
(Section 3.1.5) (1.25 mg/ml in 20 mM sodium phosphate, 
0.1% SDS, pH 7.2), purified env-2 protein (Section 

4.2.2) (2 mg/ml in 20 mM sodium phosphate, 0.1% SDS, pH 
7.2), and purified SOD-p31 fusion protein (Section 

4.3.3) (2 mg/ml in 20 mM sodium phosphate, 0.1% SDS, pH 
7.2) were prepared. 

For coating microt'iter plates (Dynatech 
Immulon I), 1 part each of the stock solutions of 
p25gag, env, and SOD-p31 were added to 997 parts of 
borate coating buffer (0.05 M borate, pH 9.0). One 
hundred microliters of the coating solution was added to 
each well, and the plates were covered and incubated 2 h 
at 37°C or 12 h at 4°C. The coating solution was then 
aspirated from the wells and the plates washed 6 x with 
wash solution (0.137 M 0.8% NaCl, 0.05% Triton X-100). 

Serum samples were diluted 1:100 in dilution 
solution (0.1% casein, 1 mM EDTA, 1% Triton X-100, 0.5 M 
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NaCl, 0.01% thimerosal, pH 7.5) with yeast protein 
(strain AB103.1) extract (1:40 dilution, approximately 2 
mg protein per ml in PBS containing 1% Triton X-100, 2 
mM PMSF, 0.01% thimerosal) and coli protein extract 
(1:40 dilution, approximately 1 mg protein per ml in PBS 
containing 1% Triton X-100, 2 mM PMSF, 0.01% thimerosal) 
added to the dilution solution. Extraction procedures 
were similar to those described in 16 and 18 above but 
using nonrecombinant strains. One hundred microliters 
of diluted serum was added to each well and incubated 30 
min at 37°C. The plates were then washed 6 x with wash 
solution. 

Goat anti-human Ig labeled with horseradish 
peroxidase (Cappel) diluted 1:8000 in dilution solution 
without added yeast and E*_ coli extracts were added at 
100 yl/well to the plates and incubated 30 min at 37 °C. 
The plates were then washed 6 x with wash solution. 
Substrate solution (10 ml citrate buffer, 10.5 g citric 
^acid/liter dH20, pH to 4.0 with 6 M NaOH) , 0.1 ml ABTS 
[15 mg/ml 2 , 2 ' -azino-di- ( 3-ethylbenzthiazolene sulfonic 
acid) in dH20] and 3.33 \xl H 2 02 at 100 yl/well was then 
added to the plates and the plates wrapped in foil and 
incubated at 37°C for 30 min. The reaction was then 
stopped by adding 50 yl/well of 10% SDS. Readings were 
made with a Dynatech ELISA reader set for dual 
wavelength reading: absorbance wavelength of 1 (410 nm) 
and reference wavelength of 4. 

5.1.2. Results 

The following sera were tested: 
A. 89 consecutive blood donors from the 
Kansas City Blood Bank ("normal blood donors"): log 
nos. 1001-1081, 1085-1092. 
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B. 52 sera from patients with lymphadenopathy 
syndrome (LAD) or AIDS or sexual partners of persons 
with LAD or AIDS (referred to as "contacts") — all 
obtained from UCSF AIDS Serum Bank panel: log nos. 
4601-4652. 

The positive/negative cut-off used was 5 x 
(average background signal signal with diluent alone) 
and was determined to be 0.195. Thus, sera with signals 
below 0.195 were rated (-); those above were rated (+). 
Each sample was also evaluated by the commercially 
available ABBOTT HTLV III EIA kit (Abbott Labs) and by 
Western analysis. 

Tests on the normal blood donor samples 
indicated all except one were negative in the invention 
ELISA. This normal serum scored negative in the ABBOTT 
HTLV III EIA test, but was actually positive, as 
confirmed by Western analysis. 

The results of the tests on the 52 sera from 
LAD and AIDS, pat ients and contacts are tabulated below: 



30 



Serum 




ABBOTT 


Invention 




No. 


Diagnosis 


EIA 


ELISA 




West* 


4601 


Contacts 


+ 


1.89 


+ 


+ 


02 


Contacts 




0.04 






03 


Contacts 


+ 


1.44 


+ 


+ 


04 


Contacts 


+ 


1.92 


+ 


+ 


05 


Contacts 




0.04 






06 


Contacts 


+ 


>2 


+ 


+ 


07 


Contacts 


+ 


1.37 


+ 


+ 


08 


Contacts 


+ 


1.60 




+ 


09 


Contacts 


+ 


>2 


+ 


+ 


10 


Contacts 


+ 


>2 


+ 


+ 


11 


Contacts 


+ 


1.94 


+ 


+ 


12 


Contacts 


+ 


>2 


+ 


+ 


13 


Contacts 


+ 


>2 


+ 


+ 


14 


Contacts 


+ 


>2 


+ 


+ 


15 


Contacts 


+ 


1.97 


+ 


+ 


16 


AIDS 


+ 


0.61 


+ 


+ 


17 


AIDS 


+ 


>2 




+ 


18 


AIDS 


+ * 


>2 


+ 


+ 
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19 


AIDS 


+ 


X .Do 






20 


AIDS 


+ 


1 .DO 


+ 




21 


AIDS 


+ 


A "7£ 


1. 




22 


AIDS 


+ 


J. • / 4 






23 


LAD 


+ 


-L * ZD 


T 




24 


LAD 


+ 


> Z 


J. 




25 


AIDS 


+ 


i a a 


+ 




26 


AIDS 


+ 


1 • Z4 


+ 




27 


AIDS 


+ 


1 A A 


+ 




28 


AIDS 




a a*7 






29 


LAD 


+ 


1 Al 


+ 


+ 


30 


Contacts 


+ 


i • yo 






31 


AIDS 


+ 


1 • /o 


+ 




32 


AIDS 


+ 


A OA 

u . yu 


+ 




33 


AIDS 


+ 


1 .69 


+ 


+ 


34 


LAD 


+ 


1 AO 

1 .09 


+ 


i 


35 


AIDS 


+ 


1 C A 

1 . 54 


+ 


1 


36 


AIDS 


+ 


1 . ZZ 


+ 




37 


AIDS 


+ 


1 . yo 


+ 




38 


AIDS 




>2 


+ 


+ 


39 


LAD 


+ 


1 . 85 


+ 




40 


LAD 


+ 


>Z 


+ 


T 


41 


LAD 


+ 


A Q j1 

0 • o4 


+ 




* 42 


LAD 


+ 


1 . 59 


+ 




43 


LAD 


+ 


1.71 


+ 


+ 


44 


AIDS 


+ 


1 A A 


+ 




45 


LAD 


+ 






-f. 


46 


AIDS 


+ 


1.38 


+ 


+ 1 


47 


AIDS 


+ 


1.29 


+ 


+ 


48 


LAD 


+ - 


1.93 


+ 


+ 


49 


LAD 


+/- 


0.48 


+ 


+ 


50 


LAD 




0.04 






51 


LAD 




0.07 






52 


LAD 


+ 


1.92 


+ 


+ 



The above results show that the ELISA-A, using 
recombinant HIV proteins, is at least as good as the 
ABBOTT HTLV III EIA test or Western analysis. 

In the ELISA-A reported in this example, the 
yeast and bacterial extracts were added to the serum to 
bind serum antibodies to yeast and bacteria to prevent 
such antibodies from binding to minor contaminants in 
the recombinant HIV-1 protein preparations. Both yeast 
and bacterial extracts were required since the 
recombinant polypeptides included polypeptides expressed 

-128- 

2300013701 




15 



2300-0137 
ATENT 



in yeast and polypeptides expressed in bacteria. If all 
the polypeptides were expressed in the same type of 
organism, only one extract would be needed. For 
5 instance, if a p25gag polypeptide expressed in yeast was 
substituted for the bacterially produced p25gag 
polypeptide of the example, only yeast extract would be 
added to the serum samples. 

10 5.2. ELISA-B 

5.2.1. Assay Protocol 

Frozen stocks of the following purified 
proteins were thawed and used to make a solution 
containing: p25gag (Section 4.5) 1.25 ug/ml, S0D-p31 
(Section 4.3.3) 1.00 ug/ml, SOD-env5b (Section 3.6) 
1.25m g/ml> and env-2 (Section 4.2.2) 0.50 pg/ml in 0.05 
M sodium borate, pH 9.0. For coating microtiter plates, 
100 ul of the above solution was pipetted into each well 
of Immulon I round bottom microtiter plates (Dynatech 
Laboratories), and incubated for 2 h at 37°C. The 
coating solution was then aspirated from the wells. The 
plates were washed three times with 200 ul/well Wash 
Buffer [100 mM Sodium Phosphate pH 7.4, 140 mM Sodium 
Chloride, 0.1% Casein (Sigma), 0.05% Triton X-100 
(Sigma), 0.01% (w/v) Thimerosal (Sigma)] and then washed 
two times with 200 pl/well PBS (10 mM Sodium Phosphate 
pH 6.7, 150 mM Sodium Chloride). The plates were then 
post coated by incubating with 200 ul/well of Postcoat 
solution [PBS, 0.1% (w/v) Casein, 2 mM PMSF 
(phenylmethyl-sulf onylf luoride) ] for 30 minutes at 15- 
30°C. The Postcoat solution was aspirated off. The 
plates were dried in a lyophilizer (such as: Virtis 
Unitop 600 SL lyophilizer, Virtis Company) overnight or 
by incubating for 2 h at 25°C. 
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To assay samples in the ELISA-B assy f 100 yl 
of Samples Diluent [100 mM Sodium Phosphate, pH 7.4, 0.5 
M Sodium Chloride, 1 mM EDTA, 0.1% casein, 1% Triton 
X-100, 100 ug/ml yeast extract (see below), 100 ug/ml E. 
coli extract (see below), and .01% Thimerosal] was added 
to each of the coated wells on the plates. Ten ul of 
the samples to be assayed or controls were pipetted into 
the wells. The plates were then sealed and incubated 
for 1 h at 37°C. The sample was then aspirated and the 
plates were washed three times with 200 yl/well of 
distilled water. The plates were then incubated with a 
goat anti-human IgG-HRP (horseradish peroxidase) 
conjugated antibody (available from commercial sources, 
i.e., Tago or Cappel, or the conjugate may be 
synthesized by the Nakane procedure). The anti-human 
IgG-HRP conjugate was diluted 1/3200 in Conjugate 
Solution I [PBS, 5% noral goat serum, .01% ANS 
(8-Anilino-l-naphthalene sulfonic acid, ammonium salt), 
.01% Thimerosal]. A final dilution to 1/32000 was made 
in Conjugate Diluent MT [116 mM Sodium Phosphate, pH 
7.4, 0.622 M Sodium Chloride, 0.56% BSA, 2.22% normal 
goat serum, 1.11% Triton X-100, 0.11% Casein, 0.0044% 
ANS, .01% Thimerosal] immediately before use. One 
hundred ul of the diluted conjugate was added per well 
(except for blank wells). The plates were sealed and 
incubated for 1 h at 37°C. The conjugate solution was 
aspirated off and the plates were washed three times 
with 200 ul/well of distilled water. Then 100 ul of 
Developer [made fresh: 50 mM Sodium Citrate adjusted to 
pH 5.1 with 1 M Phosphoric Acid, .6 \xl/ml 30% H2O2, OPD 
tablet (Sigma) (1 tablet/5 ml of buffer)] was added to 
each well and incubated thirty minutes at room 
temperature (15°-30°C). The reaction was stopped by the 
addition of 50 ul of 4N H2SO4 to each well. 
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The microtiter plates were analyzed on a 
standard EL ISA reader (such as Biotek EI A Autoreader 
Model EL310, Biotek Instruments) by reading the 
5 absorbance of developed color at 492 nm. The results 
were analyzed by comparing the values generated for the 
samples against an assay cutoff valve (cutoff = 0.5 x 
average absorbance value for the positive controls.) 

Yeast and E^_ coli extracts used in the Sample 
10 Diluent were prepared in an analogous manner to the 
purification process for recombinant polypeptides in 
Sections 3.1.4.2 -3.2.5 and 4.1.4.1 -4.1.4.3, except 
non-recombinant strains S^ cerevisiae AB103.1 and E. 
coli D1210 were used. 

15 

5.2.2. Results 

The ability of ELISA-B to detect the presence 
of antibodies directed against HIV was compared to a 
licensed and commercially available EL ISA produced by 
20 DuPont. 

493 serum samples were run in ELISA-B and the 
DuPont screening ELISA. The panel of sera was composed 
of specimens from various sources: 205 samples from CDC 
(clinically categorized as AIDS, ARC, contact, false 

25 positive from licensed screening ELISA, and 4 negative); 
101 samples from UCSF (clinically categorized as AIDS, 
ARC, and contact); 187 samples obtained from Interstate 
Blood Bank, PA, (initially scored positive on licensed 
screening ELISA). In this group of samples there were 

30 eight (8) discrepancies. Four (4) samples were found 
positive by ELISA-B and negative in the DuPont ELISA. 
Correlation between the DuPont assay and ELISA-B was 
98.4%. Concensus data indicated that of the four (4) 
samples found positive by ELISA-B and negative by the 
DuPont ELISA, three (3) (LW 47, 4202, and 4225) were 
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true positives (DuPont EL ISA false negatives) and one 
(4279) was an ELISA-B false positive. Concensus data 
also indicated that the four samples found negative in 
ELISA-B and positive in the DuPont ELISA (LW 12, 20061, 
20145, 20162) were negative (DuPont ELISA false 
positives). For the eight (8) discrepant samples 
ELISA-B differed from the concensus data in one (1) case 
and the DuPont ELISA differed in seven (7) cases. Also 
note that one sample was false positive in both assays. 

The positivity or negativity of a specimen in 
these panels was determined from the concensus results 
of commercial viral EL IS As , the microtiter plate assay 
using recombinant antigens, the strip ELISA, Western 
Blot data (when available) and clinical data, if 
available. 
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Panels 



UCSF 
(N=100) 



Table 

Correlation of ELISA-B with the 
DuPont Screening EL ISA 
Discrepant Samples 



ELISA-B 



OD490nra 



S/CO 



DuPont ELISA 
OD 4 gonm S/CO 



Strip ELISA 
P- P- GP- GP- 
24 31 41 120 



CDC 

(N=205) 

4110 
4133 
4204 
4218 
4225 
4279 



Interstate (LW) 
(N=58) 

12 
47 



Interstate I 
(N=67) 

20061 

Interstate II 
(N=62) 

20145 
20162 



2.25 
1.21 
.56 


4.4 
2.4 
1.1 


1.66 
1.25 
.33 


4.22 
3.18 
.90 




.60 
.54 


1.2 
1.1 


2.37 
.07 


6.4 
.2 




.98 


3.6 


.18 


.5 




.28 


.5 


1.17 


2.0 




.46 


.90 


(1.7) .46 


.80 


(.54) 


.22 


.48 


1.71 


2.5 


(2.1) 


.13 


.22 


>3.00 


4.4 


(3.2) 


.18 


.32 


.94 


1.4 


■(1.0) 



4 + 



4 + 
2+ 



1+ 



S/CO=signal: cut off ratio 

if = or > 1.0 samples is positive 
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5.3. Dot Blot Assay 

Nitrocellular strips (0,5 x 5 cm) are spotted 
with 50 ng polypeptide in PBS (spotting volume 2 ul). 
5 After spotting the strips are dried at room temperature 
for 1 h or more. The strips are then post-coated in a 
5% solution of Carnation non-fat dry milk in PBS, 0.01% 
Thimerosal, for 15-60 min at room temperature. Each 
test solution sample is diluted 1:50 in 0.5 ml of the 

10 post-coating solution in a test tube. A post-coated 
strip is then placed in the tube and incubated in the 
sample with rocking at 37°C for 1 h. The strip is then 
removed from the tube and washed with post-coating 
solution. The strip is then incubated for 15 min at 

15 room temperature in goat anti-human Ig reagent labeled 
with horse radish peroxidase diluted 1:500 in post- 
coating solution. After incubation in the labeled 
antibody, the strip is washed serially with PBS, 1% 
Triton, and distilled water. The strips are developed 

20 by incubating them in substrate solution (see 23 above) 
for 15 min at room temperature. 

Positive samples will cause a visually 
perceptible color change at the spotting site. Normal 
(negative) sera sample yield no color change or give a 

25 faint signal that is discernible from a positive signal. 
Competition assays may be run on sera giving faint 
signals to verify that they are negative. In the 
competition assay, polypeptide (10-25 pg/ml) is added to 
the test sample and incubated from 1 h at 37 °C before 

30 the strip is incubated in the sample. With authentic 
positive sera the signal is completely blocked by the 
added polypeptide, whereas with normal (negative) sera 
there is no change in signal. 
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5.4. Immunoblot Strip EL ISA Assay 

In the immunoblot strip EL ISA, recombinant 
derived viral antigens are individually coated in bands 
5 on a nitrocellulose strip and reacted with samples to 
bind anti-HIV specific antibodies. 

Frozen aliquots of the individual recombinant 
polypeptides were thawed and diluted to the appropriate 
concentration in Coating Solution [PBS pH adjusted to 

10 7.4, 375 mg/1 Napthiol Blue Black (used only as an inert 
marker)] as follows: p25gag (Section 4.5) 3-4 ug/ml, 
SOD-p31 (Section 4.3.3) 1-1.6 ug/ml, SOD/env-5b (Section 
3.6) 1.0 yg/ml, env-2 (Section 4.2.2) 0.5 yg/ml. The 
individual protein solutions were coated as individual 

15 bands on a sheet of nitrocellulose paper; BA85 NC™; 

Schleicher &> Schuell> Inc., Keene, NH, (pre-wetted with 
PBS buffer). The coating; apparatus can be any apparatus 
which allows for solutions to be applied to filter paper 
under vacuum pressure as discrete bands, such as 

20 Minifold® II Slot-Blot System; Schleicher & Schuell. 

The coated sheets are dried overnight. The 
dried, coated sheets are immersed for five minutes in 
Blocking Buffer (PBS, 1% (w/v) Casein, .01% Thimerosal, 
pH adjusted to 7.4) and then dried overnight. The 

25 coated and blocked nitrocellulose sheets were attached 
to a backing sheet of paper with double faced tape and 
then cut into individual strips which contain the 
individual bands corresponding to each of the 
recombinant viral antigens. 

30 The sample to be assayed was diluted 1/100 

with Sample Diluent by adding 10 ul of the sample to 1 
ml of Sample Diluent [PBS, .1% Casein, 1 mM EDTA, 2.0% 
Triton X-100, 1 mg/ml Yeast extract, 500 ug/ml Ej. coli 
extract, 0.2 ug/ml YP45 extract, .01% Thimerosal, pH 
adjusted to 7.4]. The strips were then individually 
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soaked in the diluted sample solution with agitation for 
2 h at room temperature (15° to 30°C). The strips were 
removed from the diluted sample solution and washed four 
5 times with water. The strips were then incubated with 
1 ml/strip of Goat anti-human IgG-HRP conjugate diluted 
in Conjugate Buffer [PBS pH 1.2, 0,3% Casein, 5% normal 
goat serum, .01% ANS, .01% Thimerosal] with agitation 
for 30 minutes at room temperature (15°-30°C). 

10 The strips were removed from the conjugate 

solution and then washed three times with water. The 
strips were then incubated with 1 ml/strip of Developer 
Buffer [10 mM Sodium Phosphate, 20 mM Sodium Chloride, 
0.8 pl/ml 30% hydrogen peroxide, .05% (w/v) 4-chloro- 

15 1-naphthol, 16.6% methanol] with agitation for 15 

minutes at room temperature (15°-30°C). The reaction 
s was stopped by removing the strips from the Developer 
Buffer and washing two times in water. The color 
developed on the band is compared with positive control 

20 bands (IgG applied at .25 ug/ml and 1.25 ug/ml). 

Yeast and bacterial proteins were used to 
preabsorb antisera for cross-reactive antibodies. Yeast 
extract was prepared by processing bulk yeast S. 
cerevisiae (Red Star Yeast, grade 1; Red Star, Oakland, 

25 CA) through the standard lysis procedure as described 
previously for the purification of yeast recombinant 
proteins. The insoluble cellular debris was separated 
from the soluble protein fraction. The coli extract 
was prepared by growing coli strain D1210 (pSODCF2), 

30 lysing the cells , and solubilizing the pellet as 

described in Section 3.6.4. YP45 extract is a yeast 
protein and was prepared by growing S^ cerevisiae AB110 
and following the purification procedure described in 
Section 4.3.3.3. A 45 kd yeast protein was purified 
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which helps in preabsorbing nonspecific cross-reactive 
antibodies found in some area. 

5 6, Serology Studies with Recombinant HIV Polypeptides 

6,1 Immunoblot with Env Polypeptides 

Recombinant polypeptides originating from 
different regions of the env gene of the ARV-2 isolate 

10 of HIV (Section 4.2) were used to characterize the 

anti-envelope antibody response of virus seropositive 
individuals. The sera characterized included specimens 
from AIDS patients, ARC patients and clinically healthy 
homosexual men with documented exposure to the virus 

15 through sexual contact with AIDS or ARC patients 
(contacts:) . 

^Regions of the- envelope gene of the ARV-2 
isolate of HIV were cloned into yeast expression vectors 
(env-l f env-2 f env-3) or bacterial expression vectors 

20 (env-5b), and used to produce recombinant proteins as 
described in Sections 3 and 4. 

Extracts of yeast for SDS polyacrylamide gel 
electrophoresis were prepared as follows: 1 ml of yeast 
grown to 20 O.D. (A450) were pelleted and suspended in 

25 200 yl of electrophoresis sample buffer. The mixture 
was boiled for 10 min and then centrifuged at 12 , 000 g 
for 2 min to remove cell debris prior to 
electrophoresis. To prepare bacterial extracts for gel 
electrophoresis, bacterial cells from 1 ml of culture 

30 were pelleted, suspended in 200 ul of electrophoresis 

sample buffer, and disrupted by 3 cycles of freezing and 
thawing. The mixture was boiled for 10 minutes prior to 
e lect rophor es i s . 

Yeast or bacterial extracts were 
electrophoresed on standard Laemmli discontinuous 
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SDS-polyacrylamide (12% acrylamide) gels using a Biorad 
Laboratories minigel apparatus. Laemmli (1970) Nature 
227:680-685. The extracts (100 were loaded into an 

8 cm well in the stacking gel prior to electrophoresis. 
Following electrophoresis, proteins were transferred to 
nitrocellulose filters. Towbin et al. (1979) Proc. 
Natl. Acad. Sci. USA 26:4350-4355. Strips of the filter 
with the electroblotted lysates were cut and each strip 
reacted with an individual serum sample diluted 1/100. 

Sera from 85 seropositive individuals, 
including AIDS patients, ARC patients, contacts and 
clinically healthy individuals, as well as a pool of 
sera from normal human blood donors, were assayed on 
env-1, env-2 and env-3. The blots were processed with 
Carnation nonfat dry milk as described previously. 
Johnson et al. (1984) Gene Anal. Techn. 1:3-8. The 
enzyme conjugate (diluted 1/200) was goat antiserum to 
human immunoglobulin G (Cappel Laboratories) and the 
chromogen was HRP color reagent (4-chloro-l-Napthol; 
Biorad Laboratories). 

Positive immunoblot assays obtained with 
env-1, -2, and -3 are shown in Figure 30. A prominent 
band at 28,000 was seen in the env-1 blot with a 
patient's serum with anti-env-1 antibodies. In the 
immunoblot of env-2, the antibody-positive serum reacted 
with a protein of approximately 55 kD. With env-3, the 
positive serum reacted with a series of bands migrating 
between 30,000 and 35,000. The multiple immunoreact ive 
species in the env-3 immunoblot are due to differences 
in glycosylation (see Section 4.2.3) of this polypeptide 
during its synthesis in yeast. Five potential 
glycosylation sites are contained within the coding 
region for env-3. 
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The results of assays of the reactivity of 
sera obtained from the various patient groups in the 85 
serum panel with the env-1, env-2 and env-3 are 
5 presented in table below: 

Clinical Number 
Group Tested Number Reacting With: 

env-1 env-2 env-3 



10 



20 



25 



30 



Contacts 21 4 (19%) 21 (100%) 21 (100%) 

ARC 26 3 (12%) 26 (100%) 26 (100%) 

AIDS 38 6 (16%) 36 (95%) 36 (95%) 



All of the specimens selected for this 
^ analysis were positive in an enzyme-linked immunosorbent 
assay (ELISA) for antibodies to the AIDS retrovirus, 
Weiss 1 et al. (1985 )- J . A . M . A . 253 :221-225. Sera from all 
of the contacts and ARC patients had antibodies that 
reacted with env-2 and env-3 indicating that they had 
antibodies to both gpl20 and gp41 that could be detected 
with these non-glycosylated >polypept ides in immunoblot 
assays. Thirty-six of the 38 AIDS patients (95%) had 
antibodies that reacted with env-2. The same thirty-six 
sera also reacted with env-3. The two AIDS sera that 
did not react in immunoblot assays with env-2 or env-3 
either lacked antibodies detected using these 
recombinant antigens, or their antibody titers were 
below the limit of detection in these assays, at least 
in generating an immune response to sequential epitopes. 

When these sera were tested in immunoblot 
assays with env-1, only a minority in each diagnostic 
group scored positive. The percentage of contacts, ARC 
patients and AIDS patients with antibodies to env-1 was 
19%, 12% and 16%, respectively. Since env-1 corresponds 
to the amino-terminal half of env-2 (amino acids 26-491, 
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the majority of gpl20), this observation suggests that 
the carboxyl terminal portion of gpl20 is much more 
immunogenic in infected individuals than the amino- 
terminal half of the polypeptide, at least in generating 
an immune response to sequential epitopes. 

Because the env-1 polypeptide was also 
represented in env-2, it could not be determined 
directly from the immunoblot results if env-1 positive 
sera reacted exclusively with env-1 or were also 
reactive with the carboxyl-terminal half of env-2. To 
evaluate the reactivity of env-1 positive sera with the 
carboxyl-terminal half of env-2, competition experiments 
were carried out. Sera were reacted with env-1 and 
env-2 in immunoblot assays in the presence or absence of 
an excess of env-1 in the serum diluent. An env-1 
positive serum, diluted 1/100, was incubated with: 
env-1 immunoblot with no addition, env-1 immunoblot with 
50\x g/ml env-1 in diluent, env-2 immunoblot with no 
addition, env-2 immunoblot with 50 pg/ml of env-1 in 
diluent and env-2 immunoblot with 50 yg/ml of env-2 in 
diluent. The reactivity of the env-1 serum sample with 
the env-1 blot was completely eliminated by preincu- 
bation with env-1. However, reactivity with the env-2 
blot was still evident. Similar results were observed 
with all of the env-1 positive sera, indicating that 
they all reacted with the carboxyl terminal as well as 
the amino terminal half of the gpl20 polypeptide. 

Immunoblots of extracts from bacteria 
expressing a subregion of gp41 (aa 557-667) as an hSOD 
fusion, referred to as env-5b, with an AIDS patient 1 s 
serum, showed a prominent immunoreactive species at 
32,000 daltons that was absent from immunoblots of 
extracts from bacteria transformed with the vector 
lacking the env insert (Section 3.6) ♦ This was 
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approximately the molecular weight expected for a 
polypeptide coded for by the sum of the hSOD and env 
gp41 sequences. Twenty serum samples shown previously 
5 to contain antibodies that reacted with env-3 in 

immunoblot assays were reacted with env-5b immunoblots. 
All 20 specimens reacted with the fusion protein. 

Immunoblot assays detect antibodies which 
recognize principally sequential determinants. The 

10 results presented here indicate that virus seropositive 
individuals frequently have mounted immune responses to 
sequential epitopes within the carboxyl terminal half of 
the gpl20 polypeptide. In addition, such individuals 
have also mounted immune responses to sequential 

15 epitopes within gp41 (env-5b). The prevalence of 

antibodies to these two env regions detected by using 
recombinant polypeptides from a single virus isolate 
suggests that there are epitopes within both regions 
that are highly conserved. The failure of most virus 

20 seropositive specimens to react with the amino terminal 
half of gpl20 represented by env-1 may indicate that 
there are not such highly conserved immunodominant 
sequential epitopes within this region. These data 
suggest that either the amino terminal region of gpl20 

25 is a poor immunogen in humans, or humans respond in a 
strain-specific fashion so that only those individuals 
infected with a highly homologous virus are detected 
with env-1 from ARV-2. Another explanation centers 
around the possibility that conformational epitopes may 

30 be a feature of the N-terminal portion of gpl20; 
immunoblot ting would miss antibodies directed at 
conformational determinants. Another possible 
explanation is that the immunogen icity of the amino 
terminal region of gpl20 is masked by glycosylat ion or 
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by structural constraints due to association of gpl20 
with gp41 and/or the viral membrane. 

It was also found that all sera reacting in 
5 immunoblots with env-3 also reacted with the fusion 
protein env-5b. In fact, several sera that were only 
weakly positive on env-3 were clearly positive on 
env-5b. The sensitivity of an immunoblot assay is 
limited by the amount of antigen that is present in the 

10 preparation. Since env-5b expression levels were high 
compared to the levels of expression of env-3 in yeast 
(env-5b represented approximately 2-5% of the total 
bacterial protein, whereas env-3 was less than 0.1% of 
the total yeast protein), it was not unexpected the 

15 env-5b immunoblot assays were more sensitive than the 
env-3 immunoblot assays. 

6.2 ELISA with Env Polypeptides 

To provide a quantitative assessment of the 

20 antibody response detected using these recombinant 

polypeptides representing regions of two subunits of the 
HIV envelope glycoprotein complex, env recombinant 
polypeptides (Section 4.2) were purified and enzyme- 
linked immunosorbent assays (ELISA) configured. 

25 Test sera were the same as described in 

Section 6.1. The ELISA procedures were modifications of 
those described previously. See Brun-Vezinet et al. 
(1984) Lancet 1:1253-1256; Saxinger et al. (1983) Lab. 
Invest. 49:371-377; Weiss et al. (1985) J.A.M.A. 

30 253:221-225; Steimer et al. (1986) J. Virol. 58:9-160. 

For virus ELISAs, microtiter plates (Dynatech, 
Immulon I) were coated with 5 ug/ml of SDS-disrupted 
sucrose gradient purified ARV-2 virus • Human serum 
samples, diluted 1/100, were added to the wells and the 
plates incubated at 37°C; After 1 h, the plates were 
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washed and goat antiserum to human immunoglobulin 
conjugated with horseradish peroxidase (Cappel 
Laboratories) and diluted 1/4000 was added to the wells. 
The plates were incubated for 30 min. at 37°C, washed 
and the substrate solution (150 yg/ml, 2 , 2 ' -azino-di-3 1 - 
ethylbenzylthiazoline sulfate in 0.1 M citrate, 0.001% 
H202f P H was added for 30 minutes. The plates were 

read on a EL ISA reader at 415nm with a reference 
wavelength of 600nm. Samples were scored as positive 
when their assay result was greater than five times the 
absorbance obtained with the negative control pooled 
normal human serum (NHS). 

For recombinant env polypeptide ELISAs, 
microtiter plates were coated with 2 yg/ml of purified 
env-2 or env-5b (Section 7.1). Serum samples were 
assayed for antibodies to these antigens by the 
procedure described above. Included in the serum 
diluent for the env-2 antibody ELISA was included 
extract (final concentration 100 ug/ml) from yeast 
transformed with the vector alone lacking the env-2 
insert. Similarly, 100 ug/ml of an extract from 
untransf ormed E_^ coli was added to the diluent for the 
env-5b antibody ELISA. 

Figure 16 (panel A) shows the results of a 
titration of antibodies in an AIDS patient's serum that 
reacted with env-2. Pooled normal human serum (NHS) (0) 
and serum 0036 from an AIDS patient ( ) were diluted 
1/25 and then by serial 2-fold dilutions. The titer of 
env-2 antibodies in this particular serum specimen was 
approximately 1400. The signal with the control sample 
(NHS) was low at all dilutions. 

Env-5b was purified and used as antigen in an 
ELISA for antibodies to the gp41 polypeptide. Figure 16 
(panel B) shows the results of a titration of env-5b 
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antibodies in the same serum sample that was titered 
previously in the env-2 ELISA. No appreciable signal 
was seen with NHS. 
5 Serum samples from 88 blood donors, all 

seronegative in. an ELISA for AIDS retrovirus antibodies 
were tested at a dilution of 1/100 in the env-2 and 
env-5b antibody ELISAs (Figure 17). The average signal 
in the env-2 antibody ELISA was 0.045 + 0.033 with a 

10 range of 0 to 0.149. In the env-5b ELISA these same 

sera yielded an average signal of 0.034 + 0.030 with a 
range of 0 to 0.144. The cut-off for both assays was 
set at five times the average signal of these 88 
seronegative specimens. For the env-2 antibody ELISA 

15 the cut-off was 0.225, and for the env-5b assay it was 
0.170. 

The results of the env-2 and env-5b ELISAs 
with the same panel of virus seropositive specimens 
described previously (see the table in Section 7.1) are 

20 presented in Figure 18. The dotted line in the top 

panel designates the cut-off (0.174) in the env-2 ELISA. 
The dotted line in the bottom panel (0.154) is the 
cut-off in env-5b antibody ELISA. Each data point is 
the average of duplicate assays. All of the sera, 

25 regardless of diagnosis, yielded the maximum signal in 
the env-5b antibody ELISA. 

Serum antibodies were clearly detected in the 
env-2 ELISA with specimens from 20 of the 21 contacts, 
24 of the 25 ARC patients, and 35 of the 38 AIDS 

30 patients. The remaining five sera, one from a contact, 
one from an ARC patient and three from AIDS patients, 
are considered to be borderline* The contact and ARC 
sera scored just below the assay cut-off while the three 
AIDS sera scored just above the cut-off. These same 
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sera were all clearly positive in the env-5b antibody 
EL ISA. 

Figure 19 compares antibody titers of the 
5 above sera for both env-2 and env-5b. These serum 

samples were assayed in the env-2 and env-5b ELISAs at 
dilutions ranging from 1/100 to 1/51,200. The titers 
reported are the dilution at which ha If -maximum 
absorbance was attained. The env-2 titers are shown as 

10 dark circles, and the env-5 titers are open circles. 
The horizontal lines show the mean titers of sera in 
each group. Borderline sera (less than 0.15 above assay 
cut-off) are shown as . Sera with titers below 
1/100, but not borderline, are plotted as having titers 

15 of 1/100. 

Antibody titers in sera obtained from all 
three groups were higher to env-5b than to env-2). The 
average titer of env-2 antibodies in sera obtained from 
contacts was 2224 (range <100-7975) compared to an . 

20 average titer of env-5b antibodies of 8988 (range 

650-25,000). Among the ARC patients the average env-2 
and env-5b antibody titers were 2480 (range <100-12 f 800) 
and 12,560 (range 42062,000), respectively. Finally, 
for AIDS patients the average env-2 antibody titer was 

25 1394 (range <100-12,800) compared to an average env-5b 
antibody titer of 7059 (range <100-42,000) . 

The ratio of env-5b to env-2 antibody titers 
was 5.06, 4.04 and 5.06 for contacts, ARC patients and 
AIDS patients respectively. Since these ratios remain 

30 constant, regardless of diagnosis, it is unlikely that 
there is a selective decline in the antibody titer to 
one or the other of the env polypeptides with 
progressive disease. Instead, it indicates that 
individuals with low titer antibodies to one env 
polypeptide tend to have- low titers of antibodies to the 
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other polypeptide. Examining the env-5b antibody titers 
of those individuals with low (<200) titers of env-2 
antibodies (table below) supported this conclusion; 
these sera all had correspondingly low env-5b antibody 
titers. 



10 



Serum 
Number 


Clinical 
Group 


Env-2 Antibody 
Titer 


Env-5b Antibody 
Titer 


4687 


C* 


<100 


i inn 
1300 


4623 


ARC 


115 


T 1 Art 


4648 


ARC 


125 


1000 


4672 


ARC 


<1UU 




4677 


ARC 


<100 


450 


4685 


ARC 


170 


420 


4616 


AIDS 


<100 


430 


4619 


AIDS 


100 


900 


4620 


AIDS 


130 


620 


4625 


AIDS 


<100 


1500 


4626' 


AIDS 


100 


4300 


4627 


AIDS 


100 


200 


4631 


AIDS 


170 


500 


4637 


AIDS 


190 


480 


4653 


AIDS 


<100 


2500 


4654 


AIDS 


100 


400 


4660 


AIDS 


100 


760 


4664 


AIDS 


155 


300 


4667 


AIDS 


100 


680 



* Contacts. 



25 

6.3 ELISA with Gag Polypeptides 

Large-scale purification of p25gag from 
bacterial extracts (Section 3.1.5) provided sufficient 
antigen for a survey of p25gag seroposit ivity among 
30 various risk and patient groups. These sera were tested 
first in a virus ELISA to identify those with antibodies 
to the virus and then in the p25gag ELISA to determine 
the proportion of virus seropositive individuals with 
antibodies to p25gag. 
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Ninety-six sera from random blood donors, all 
of whom were negative for AIDS virus antibodies in the 
virus EL ISA, scored negative in the ELISA for p25gag 
antibodies. The average signal in the p25gag ELISA of 
these sera was 0.034±0.016 optical density units (OD) 
with a range of 0.0.11 to 0.089 (not shown). 

A panel of 100 sera was then examined, 
consisting of 28 specimens from high-risk individuals 
with no symptoms of the disease, but with potential 
exposure to the virus through sexual contact with AIDS 
patients (contacts), 33 sera from patients with 
AIDS-related complex (ARC) , and samples from 39 patients 
with AIDS. Eighty-six of the 100 specimens were 
positive in the virus ELISA, an indication that these 
individuals had mounted an immune response to one or 
more viral antigens. The number of virus ELISA positive 
contacts was 21 (75%), ARC patients was 27 (81.8%), and 
AIDS patients was 38 (97.4%). The results of the p25gag 
antibody ELISA of these specimens are summarized in the 
table below. Of the 86 sera from the total panel that 
were positive in the virus ELISA, only 34 (39.5%) scored 
positive in the p25gag ELISA. When the results were 
grouped according to diagnosis, however, the contacts 
had the highest number of virus seropositive individuals 
with antibodies to p25gag (71%), the ARC patients were 
intermediate (48%), and the AIDS patients were the 
lowest (16%). Also tested were the 14 virus ELISA 
negative specimens from this panel of 100 sera in the 
p25gag ELISA, and all scored negative (not shown). 

The data presented in the table suggest that 
with an increase in the severity of the disease, there 
is a decline in the proportion of virus seropositive 
individuals with antibodies to p25gag. To determine the 
significance of the observed differences in p25gag 
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seropositivity between groups, we used an test with 
pairwise comparison of groups. This analysis shows that 
the probability that the observed differences in 
5 frequency of p25gag seropositivity between the contacts 
and AIDS patients could have been due to chance was less 
than 1 in 2000* Similarly, the probability that the 
difference between ARC and AIDS patients was due to 
chance was very small (1 in 200). A comparison of 

10 contacts and ARC patients, however, gave a higher 

probability (1 in 10) that the observed difference was 
due to chance. A larger sample size would be required 
to establish the significance of this difference with 
greater certainty. 

15 These results suggest that monitoring p25gag 

seropositivity of individuals infected with the AIDS 
retrovirus might be* of diagnostic-value. Although 
patients with more severe forms of the disease clearly 
have antibodies to other viral antigens, such as the 

20 envelope glycoproteins [Barin et al. (1985) Science 

228:1097; Montagnier et al. (1985) Virology 144:283], 
they are less likely than those in earlier stages to 
have antibodies to p25gag. 

The above results were obtained with p25gag 

25 antigen produced in E. coli . Similar results have been 
seen with the antigen produced in yeast. 



30 
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p25gag Antibody EL ISA of Virus 
Seropositive Specimens 3 



Number 

Category or diagnostic scoring Percentage" 

(number in group) positive positive 

Contacts (21) 15 71 

ARC patients (27) 13 48 

AIDS patients (38) 6 16 

total (86) 34 39 



a Samples were categorized as virus seropositive if they yielded 
greater than five times the signal obtained with normal human serum 
(NHS) in a virus EL ISA assay using disrupted ARV-2 virus as 
antigen. The p25gag antibody EL ISA procedure was as follows: 
EL ISA plates were coated with 5 ug/ml of p25gag purified from 
bacterial extracts. In the diluent was included a lysate from 
untransformed E. coli . All were diluted 1/100 for assay. The 
conjugate was horseradish peroxidase conjugated goat antiserum to 
human immunoglobulin (Cappel, No. 3201-0081). 

b A sample was scored as positive when the average 0D reading was 
greater than five times the signal with pooled normal human serum 
(NHS) . In this particular assay this was OD4i4=0.200. 

6.4. Western and SLISA with Pol Polypeptides 

A panel of 10 sera that scored positive in the 
EL ISA for viral antibodies with disrupted virus as the 
antigen was selected to compare the immunoreact ivity of 
viral p31 with those of the two recombinant proteins. 
This panel included eight sera that were positive and 
two sera that were negative for antibodies to viral p31 
in virus immunoblots. Lysates of pTP31.2 (Section 
3.4.2) and pTSp31 (Section 3.5) transf ormants were 
eliectrophoresed and electroblotted, and strips of the 
blots were reacted with individual serum samples (see 
table below). The eight sera that were positive on 
viral p31 also reacted with the 30- and 48-kDa bands in 
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lysates of bacterial cells containing pTP31.2 
(expressing p31pol) and pTSp31 (expressing SOD-p31pol 
fusion), respectively. The two sera that were negative 
on viral p31 were also negative on both of the 
recombinant proteins. Pooled normal human serum was 
negative in all three Western blot assays. 

The SOD-p31 fusion protein was purified and 
used as a source of antigen for an EL ISA for testing 
sera for antibodies to p31. Prior to deciding to pursue 
the fusion protein as a source of antigen for the assay, 
sera from 300 random blood donors and a panel of 100 
sera obtained from high-risk, AIDS, and ARC patients was 
screened for antibodies to purified human SOD in an 
ELISA. None of these sera scored positive (data not 
shown) . 

: ' : The ELISA protocol was as follows: Microtiter 

plates were coated with 2 yg/ml of SOD-p31 in borate 
buffer (pH 9). In the diluent was included extract from 
E. coli (pTAC7). This extract was necessary to absorb 
out antibodies in human sera that reacted with minor 
contaminants in the purified SOD-p31. The ELISA 
protocol from this point was identical to the procedure 
described for other recombinant HIV antigens described 
above . 

A panel of sera from 100 consecutive blood 
donors that were all seronegative in the virus ELISA was 
tested in the p31 ELISA. These sera all scored very low 
in the assay (Figure 31a). The average ELISA result for 
these sera when they were assayed at a 1/100 dilution 
was 0.026 with a range of 0.001 to 0.117 and a standard 
deviation of 0.012. The results obtained with 85 
virus-seropositive samples are presented in Figure 31b. 
The ELISA results with sera that did not react with the 
p31 band in the virus Western blot assay are indicated 
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by shading. In general, sera that were positive in 
virus Western blots for p31 antibodies were clearly 
positive in the p31 antibody EL ISA. There were, 
however, three sera that did not react with p31 in virus 
immunoblots that were clearly positive in the p31 EL ISA. 

Three possible explanations for viral p31 
immunoblot-negative sera scoring positive in the p31 
ELISA were considered. First, the ELISA may have been 
more sensitive than the virus immunoblot assay for 
detecting antibodies to p31. Second, these sera may 
have scored positive in the ELISA owing to immunological 
reactivity with E. coli proteins contaminating the 
SOD-p31 preparation that were not absorbed out by the 
bacterial lysate in the antibody diluent. Third, these 
sera may have scored positive in the ELISA because they 
contained antibodies to ; the: SOD portion of the fusion 
protein. 

To clarify this, these three sera were tested 
on blots of directly expressed p31 by using the pTP31.2 
lysate, which should contain a much higher concentration 
of p31 antigen than virus. All three of these sera 
reacted with the p31 species in this assay (data not 
shown). Thus, these sera scored positive in the ELISA 
because of its greater sensitivity than virus 
immunoblots for detecting p31 antibodies, not because of 
reaction with E. coli contaminants or SOD. 

We also tested the remaining eight viral p31 
Western blot-negative sera in immunoblot assays of 
pTP31.2 lysates. The five sera scoring lowest in the 
ELISA (Figure 31b) failed to react with p31 in this 
assay. However, the three remaining sera, scoring 
between 0.15 and 0.3 in the ELISA, reacted in 
immunoblots with directly expressed p31 (data not 
shown). Thus, we concluded that of this panel of 85 
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seropositive samples, 80 (95%) had detectable antibodies 
to the p31 antigen. 

These data clearly demonstrate the utility of 
the HIV pol endonuclease polypeptide in serodiagnosing 
HIV infection. It should be noted that serological 
results were identical when SOD-p31 produced in yeast 
was used instead of the bacterially expressed protein. 

Comparison of Western blot results of various 

virus-seroposit ive samples in viral p31, 
recombinant p31 expressed directly in E. coli 
and as a fusion protein with human SOD 



Reactivity with: __ 

Serum Recombinant 
Viral p31 Recombinant p31 SOD-p31 



4607 


+ 


+ 


+ 


4608 


+ 


+ 


+ 


4620 ; 






+ 


4625 


+ 


+ 


+ 


4626 


+ 


+ 


+ 


4642 








4643 


+ 


+ 


+ 


4646 


+ 


+ 


+ 


4659 








0036 


+ 


+ 


+ 


NHS 









a Strips from immunoblots of electrophoresed virus, pTP31.2 
extracts, and pTS31 extracts were reacted with a 1/100 dilution of 
each serum. 



^NHS, pooled normal human sera obtained from Medical 
Specialities Laboratories. 

7. HIV Immunization 

Recombinantly produced viral envelope protein 
was used to generate anti-HIV antibodies in experimental 
animals which were capable of neutralizing the 
infectivity of the virus. The purified env-2 (Section 
4.2.2) was injected into both mice and guinea pigs and 
the sera had neutralizing activity in an in vitro 
neutralization assay. 
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The HIV neutralization assay that was 
developed measures the ability of serum specimens to 
neutralize directly the infectivity of HIV in a tissue 
culture system (described in commonly owned, co-pending 
U.S. patent application No. 946,539, the disclosure of 
which is hereby incorporated by reference). Diluted 
sera are mixed with an equal volume of virus inoculum, 
the mixture is incubated for 30 minutes at room 
temperature and then 0.1 ml of the mixture is added to a 
1 ml culture of permissive HUT-78 cells (1 x 10 4 
cells/ml) in 24,-well microtiter plates. Seven days 
later the cells are harvested, lysed with 1% Triton 
X-100 in PBS. 

Infection is monitored by measuring the levels 
of intracellular p25gag antigen with a capture enzyme- 
linked immunosorbent assay (EL ISA) Steimer et al. (1986) 
Virology 150 ;283-290. This assay uses a murine 
monoclonal antibody immobilized on the assay plate to 
capture p25gag and a rabbit polyclonal antiserum as the 
detecting reagent. The virus inoculum that was used for 
all strains of HIV was adjusted to yield 40-80 ng/ml of 
intracellular p25gag and approximately 10% of the HUT-78 
cells in the culture were infected under these 
conditions. 

7.1. Env-2 immunization of mice 

In order to test if env-2 polypeptide derived 
from yeast was capable of eliciting neutralizing 
antibodies, mice were immunized with env-2 (Section 
4.2.2). 

Three Balb/c mice were injected three times 
with 10 yg of env-2 in alum at two week intervals. The 
mice were bled one week following the third injection 
and their sera tested for env-2 antibodies in ELISA. 
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Normal mouse serum from a pool of sera obtained from 
unimmunized Balb/c mice, was included as a control. The 
sera was diluted 1:10, and by serial 2-fold dilutions, 
5 and reacted in the env-2 ELISA. All three mice had 

mounted an antibody response to the injected env-2 (see 
below). The sera were then tested in the neutralization 
assay at a 1:20 dilution. Sera from two of the 
immunized mice showed significant neutralization of HIV 
10 at a 1:20 dilution (see below). 



Neutralization 
activity 

Serum Env-2 (percent 

sample antibody titer neutralization) 



normal <10 18 

mouse 1 420 97 

mouse 2 230 4 

mouse 3 200 76 

7.2. Env-2 immunization of guinea pigs 

Twelve Hartley guinea pigs were used to study 
the effectiveness of the env-2 polypeptide (Section 
4.2.2) in eliciting neutralizing antibodies. The sera 
were also tested for their ability to neutralize 
different strains of the HIV virus. 

Six of the guinea pigs were immunized with 50 
ug of antigen with adjuvant (see below) and six were 
immunized with the adjuvant alone according to the 
following protocol: 

Adjuvant: contains 0.5 mg Monophosphoryl Lipid A 

( MPL ) , 0.5 mg Trehalose Dimycolate (TDM), 
0.5 mg Cell Wall Skeleton (CWS) (isolated 
from attenuated tubercle bacillus: 
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Bacillus-Calmette-Guer in) lyophilized in 
40 yl of oil (Squalene) and 0.2% Tween 80 
in water (adjuvant obtained from Ribi 
Immunochem Research, Inc., Hamilton, 
Montana). 



10 



15 



Vaccine: Reconstitute the adjuvant by adding 600 
yl of PBS and vortexing vigorously for 
2-3 minutes. Mix 300 yl of the adjuvant 
with 300 tig of the env-2 polypeptide and 
PBS to bring total volume to 600 ul. 
Vortex vigorously for 2-3 minutes. 
Inject each guinea pig with 100 yl of 
vaccine in foot pad. 



20 



Control: Dilute remaining 300 yl of adjuvant with 
300 yl of PBS and vortex vigorously for 
2-3 minutes. The six control guinea pigs 
are injected with 100 yl each in foot 
pad. 



Immunization: 



25 
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Two to four days prior to immunization 

Schedule: obtain "prebleed" blood sample 

for guinea pigs: 

Day 0: * Primary immunization; 

Day 21: second immunization; 

Day 28: obtain first blood sample; 

Day 42: third immunization; 

Day 49: obtain second blood sample^ 
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Results: 



10 



15 



Immunized 
Guinea 
Pigs 1 



A 
B 
C 
0 
E 
F 

Control 
Guinea 
Pigs 1 



A' 
B' 
C 
D' 
E' 
F' 



EL ISA Titers'* 

Bleed 1 

81 
171 
111 
510 
501 
n.d. 



<25 
<25 
<25 
<25 
<25 
<25 



against env-2 Neutralization Titer 2 

of Bleed 2 
Bleed 2 



n.d. 

605 

n.d. 

1,274 

10,756 

4,050 



<25 
<25 
<25 
<25 
<25 
<25 



n.d. 

<10 

n.d. 

<10 

220 

40 



<10 

<10 

<10 

<25 

n.d. 

n.d. 



20 



n.d. = not determined 

1. sera was heat inactivated 

2. dilution that gives 50% of inhibition of viral inoculum (ARV-2) 
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The sera from guinea pigs E and F were tested for their 
ability to neutralize various isolates of HIV which have 
been associated with AIDS. 



HIV 

Isolate 

LAV 1 

ARV-2' 

ARV-3 3 

ARV-33 3 

HIV-Zr6 4 



Neutralizing 
Titer of Guinea 
Pig E. Bleed 2 

70 

220 

<10 

<10 

<10 



Neutralizing 
Titer of Guinea 
Pig F, Bleed 2 

30 

40 

n.d. 

n.d. 

n.d. 



1. Barre-Sinoussi et al. (1983) Science 220:868-871. 

2. Levy et al. (1984) Science 225:740-842. 

3. Staben et al. (1986) in: Vaccines 86 . Cold Spring 
Harbor Laboratory, New York, pp. 345-350. 

4. Srinivassen et al. (1987) Gene 52:71-82. 
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8, Deposits of Biological Materials 

Samples of organisms that contain HIV clones 
or express the above-described hTLR polypeptides were 
deposited at the American Type Culture Collection 
(ATCC), 12301 Parklawn Drive, Rockville, Maryland under 
the provisions of the Budapest Treaty. The accession 
numbers and dates of these deposits are listed below. 



ATCC 



visiae 2150-2-3 
(pAB24-GAP-env2) 

Saccharomyces cere - 
visiae 2168 
(pBS24/SOD-SF2env4) 

2300013701 
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Deposited Material 
X-ARV-2(7D) 


Accession No. 
40143 


Deposit Date 
26 October 1984 




X-ARV-2(8A) 


40144 


26 October 1984 


15 


A-ARV-2(9B) 


40158 


25 January 1985 




E. coli HB101 (pSV7c/env) 


67593 


23 December 1987 




E. coli HB101 (pCMV6ARV120tpa) 






20 


E. coli D1210 
(pGAG25-10) 

E. coli D1210 


53246 


27 August 1985 




(pS0D/env5b) 








E. coli D1210 








(pTP31.2) 






25 


E. coli D1210 (pII-3) 


67549 


28 October 1987 




Saccharomyces cere- 
visiae P017 (pCl/1 
( pSP3 1-GAP-ADH2 ) 


20768 


27 August 1985 


30 


Saccharomyces cere- 
visiae 2150 
(pDPC303) 


20769 


27 August 1985 




Saccharomyces cere- 


20827 


23 December 1986 



• ♦ 
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Saccharomyces cere - 

visiae AB110 
(pCl/l-p25-ADH-GAP) 

Saccharomyces cere - 

visiae AB116 
(pBS24.1/S0D-SF2env4-5) 

Saccharomyces cere - 

visiae 
(pAB24/RT4) 

Saccharomyces cere - 

visiae JSC302 
(pCl/l-GAP-p53) 

These deposits are provided for the 
convenience of those skilled in the art. These deposits 
are neither an admission that such deposits are required 
to practice the present invention, nor that equivalent 
embodiments are not within the skill of the art in view 
of the present disclosure. The public availability of 
these deposits is not a grant of a license to make, use 
or sell the deposited materials under this or any other 
patent. The nucleic acid sequences of the deposited 
materials are incorporated in the present disclosure by 
reference and are controlling if in conflict with any 
sequence described herein. 

Although the foregoing invention has been 
described in some detail by way of illustration and 
example for purposes of clarity of understanding, it 
will be obvious that changes and modifications may be 
practiced within the scope of the appended claims. 
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